

<ia^iWr^' '^ifiKMsC “' • <s^’’-«*:; <<j?rM£, " <r* ’--t" '^i' 

Ptrla Cetitrsl Hibrarp j 

PILANl (.faijvnr State) 5 


Cl^fs No > ^ (»0 ^ 

Beck No > -Z-C-a-feTE V. 7 J 

Accession No :- V\ol^l i 

y-, *;-> -v -,;iP‘' A ' A.r^' V,. JJ. *.7!^ J. r^- ‘ t ^ .j, 





TKXT-JJOOK OF PALAFONTOLOGY 





MACMILLAN AND CO., Limited 

LONDON • BOMHAY • CALCUTTA • MADRAS 
MELBOURNE 

THE MACMILLAN COMPANY 

NEW YORK • BOSTON • CHICAGO 
DALLAS • ATLANTA • SAN FRANCISCO 

THE MACMILLAN COMPANY 
OF CANADA, LIMITED 


TORONTO 



TEXT- BOOK 

OF 

P A L A E ONTO L O G Y 


TiY 

KARL A. VON ^TEL 

LATE 1*110 PESHOIt OK O.EOLOOY AND PALAKONTOI.OO Y IN THE BMVEIISITY OK MUNICH 


TKANSLATICl) AND EDITED BY 

CHARLES R. EASTMAN. ITT. I). 

KOHMEItlA’ IN CHAK(;K OK YKHTEBRATE I’ALAEONTOLOCi V IX THE MUSEUM OK 
COMUAUATIVE ZOOLOOV AT llAllVAUD COLLEOK, CAMHHIIKIE, MASS. 


VOL. II 

WITH 533 ILLUSTRATIONS 

.SECOND ENGLISH EDITION UE VISED, WITH ADDITION.^, BY 

SIR ARTHUR SMITH WOODWARD, F.R.S. 


MACMILLAN AND CO., LIMITED 
ST. MARTIN'S STREET, LONDON 
1932 



dOPYBIOIlT 


PRINTBD IK GREAT BRITAIN 
BV H. ft IX. CLARK, UMITBD, EDINBURGH 



PREFACE 


Since the publication of the first English edition of this volume in 1902, so 
many discoveries have been made that it is now necessarily enlarged, I 
have revised the old text, and have re-written much of it while incorporating 
the new facts ; but the form of the book ivmains the same, and Zittel’s method 
has been followed throughout. In most cases the descriptions of genera are 
not diagnoses, but merely refer to some striking features. There is sometimes 
a little conservatism, and groups which are very imperfectly known, such 
as the higher Toleostean Fishes, modern Amphibians, Lizards, Snakes, and 
Birds, are still classified only in a general way. The newer literature has 
been added to the bibliographies, often with abbreviated titles, and many of 
the older references have been omitted because these are given in the papers 
cpioted. 

Most of the old figures of actual fossils, which Zittel preferred to diagrams, 
have been retained ; while changes in nomenclature and any errors that have 
been detected in the restorations are noted in the descriptive legends. New 
figures have been added from the fourth German edition (1923), besides many 
diagrammatic figures from more recent original papers. Two diagrams (Figs. 
341, 348) have been specially drawn for this volume by Di*. Bobert Broom, 
F.K.S. 

I have to thank especially Dr. Broom, Baron F. Nopesa, and Baron F. von 
Huene for help with the fossil Reptiles, Mr. W. P. Pycraft for advice on Birds, 
and Miss Dorothea M. A. Bate and Dr. K. Lambrecht for many references to 
fossil Birds. 

ARTHUR SMITH WOODWARD 

HrtL Place, Haywards Heatb, 

Sussex, April 1982. 
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Phylum VIII. VERTEBRATA^ 


Bilaterally symmetrical animals, with a cartilaginous or ossified vertebral axis, 
which is usually composed of a series of similar segments, the same supporting the 
central nervous system above and dividing the trunk into a dm' sal and a ventral 
portion. Never more than two pairs of limbs. 

The vertebral column develops from a rod-like cellular tissue of gelatinous 
consistency {chorda dorsalis), of which the outer (skeletogenous) layer gradually 
subdivides into a number of similar segments, which are originally cartilagin- 
ous but subsequently calcified by the deposition of phosphate of lime or are 
replaced by bone substance. At the anterior end of the vertebral column is 
the cranial capsule enclosing the brain, also the visceral skeleton. The 
appendicular skeleton is likewise preformed in cartilage, and among the higher 
Vertebrata usually develops completely into bone substance. Only some of 
the lowest Vertebrata exhibit a persistently cartilaginous internal skeleton. 
The calcification of the cartilage in the sharks and skates takes place in such 
a way that a homogeneous limy substance is deposited between the cartilage 
cells, while in ossification the original cartilage cells disappear, and by re- 
sorption of the intercellular substance there arise canals with blood-vessels 
(Haversian canals) as well as small hollow spaces (lacunae, bone corpuscles) 
filled with bone cells (osteoblasts). The latter are connected with the 
Haversian canals by very fine tubules {primitivrohrchen) radiating in all 
directions. In many fishes the lacunae (bone corpuscles) are wanting, so that 
the primitive tubules arise directly from the Haversian canals. 

The skeleton of the extremities consists of several articulated segments 

^ Abel, 0., Grundziige der Paliiobiologie der Wirbeltiere, Stuttgart, 1912. — Pie Stamme der 
Wirbeltiere. Leipzig, 1919. — Cope, E. />., Syllabus of Lectures ou the Vertebrata. Univ. 
Pennsylvania, Philadelidiia, 1898. — hollo, L,, Carpus und Tarsus. Wilhelm Roux’ Archiv t 
Entwicklungsinech. Organismen, vol. cxx., p. 272, 1929. — Edinger, T,, Die fossilen Gehirne. 
Ergebn. Anat. u. Entwickl. (III. Abt. Zeitschr. gesammt. Anat.), vol. xxviii., p, 1, 1929. — Gegen* 
baur, O., Vergleichende Anatomie der Wirbeltiere, vols. i., ii. Leipzig, 1898-1901. — Goodrich, 
E, 8 ., Studies on the Structure and Development of Vertebrates. London, 1930. — 11 ay, 0. P., 
Bibliography and Catalogue of the Fossil Vertebrata of North America. Bull. U.S. Geol, Surv., 
no. 179, 1902. — Second Bibliography and Catalogue, vols. i., ii., Carnegie Institution, Publ. no. 390, 
1929-30.—./aeA»^, 0., Die Wirbeltiere, Berlin, 1911. — Kopf der Wirbeltiere. Zeitschr. gesammt. 
Anatomie, vol. xxvil., pt. iii,, p. 815, 1927. — Atemorgane der Wirbeltiere. Zool. Anzeig., vol. Ixx., 
p. 273, 1927 ; also Palaeont. Zeitschr., vol. ix., p. 260, 1927. — Kingsley, J. S., The Vertebrate 
Skeleton. Philadelphia and London, 1926. — Comparative Anatomy of Vertebrates, ed. 8. ‘ Phila- 
delphia, 1926. — Lull, R. 8 ., Organic Evolution. New York, 1922. — Owen, R., Odontography. 
London, 1840-45. — Stromer von Reichenhach, M., Lehrbuch der Palaozoologie, II. Wirbeltiere. 
Leipzig, 1912. — Woodvjwrd, A, S., Outlines of Vertebrate Palaeontology. Cambridge, 1898. — 
Woodmtrd, A, 8., and Sherborn, C, D,, Catalogue of British Fossil Vertebrata. London, 1890. 
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which exhibit an extraordinarily varied arrangement according to the function 
of the limbs. 

The nervous system consists of a central organ divided into brain and 
spinal chord, from which numerous nerves arise and extend throughout the 
whole of the body. The blood is first driven to the organs of respiration 
(gills or lungs) by means of a heart provided with one or two auricles, and 
after it has traversed the body in numerous arteries and veins it returns 
to the heart. The oesophagus, stomach, intestine, liver, kidneys, and spleen, 
as well as the organs of generation, lie in the ventral part of the body. The 
skin is often provided with hairs, spines, scales, feathers, or bony plates. 

As a rule only remains of the bony skeleton, teeth, or hard ossified parts 
of the skin are available to the palaeontologist for investigation ; but these 
can generally be determined with great certainty. 

The following five Classes of Vertebrates are distinguished : — Fisces, 
Amphibia^ Beptilia, Aves, and Mammalia. The groups of Tunicata and Lepto- 
cardii have been placed with these as special Classes and often regarded as 
the ancestors of the Vertebrates. As these have left no fossil remains in 
the rocks, the palaeontologist discovers no clue to the origin of the Feriefji'ata, 

The four higher Classes of Vertebrates above Pisces are grouped sometimes 
under the name Tetrapoda (four-footed), sometimes as Stapedifera (bearing a 
stapes or ear bone, which is equivalent to the hyomandibular bone of Pisces). 

Class 1. PISCES.^ Fishes, 

Cold-blooded animals living in water and usually breathing exclusively by gills. 
Vertebral axis ending in a vertical caudal fin. Limbs in the form of fins. Skin 
with scales or bony plates, rarely naked. Heart with a single ventricle and auricle. 
No amnion or allantois. 

To the skin structures of fishes belong the scales, dermal bones, spines, 
fin rays, and teeth. 

' Agassiz, L., Recherchea sur les poissons fossiles, vola. i.-v. NeuchStel et Soleure, 1833-44. 
— Monograpliie des poissons fossiles du Vieux Gres Rouge. Neuchdtel et Soleure, 1844-46. — 
Bridge, T. W., Fishes, In Cambridge Natural History, vol. on Fishes, etc., p. 139. London, 
1904. — Br(H)m, R., Fossil Fishes of Upper Karroo Beds of South Africa. Ann. S. African Mus., 
vol. viu, p. 251, 1909. — Fishes from the Lower an<l Middle Karroo Beds. Loc. dt., vol. xii., p. 1, 
1913. — Fossil Fishes in Albany Museum. Rec. Albany Mus., vol. ii., p. 391, 1912. — Brough, J., 
Fossil Fishes from the Karroo System, and some General Considerations on the Bony Fishes of 
the Triassic Period. Proc. Zool. Soc., 1931, p. 235. — Chapimn, F., Cretaceous and Tertiary Fish- 
Remains of New Zealand. Geol. Surv. N. Zealand, Palaeont. Bull., no. 7, 1918. — Chapnmn, F., 
and Qadmort, F. A., Australian Cainozoic Fish-Remains. Proc. Roy. Soc. Viet., n.s., vol. xxxvi., 
p. 107, 1924. — Chaptnan, F., and Pritcfiard, G. B., Fish Remains from Tertiaries of Australia. Proc. 
Roy. Soc. Viet., n.s , vols. xvii., p. 267, xx., p. 59, 1904, 1907 . — Owmxr et VaUwdmnes, Histoire 
naturelle des poissons, 22 vols. Paris, 1828-49, — Davis, J. W., Fossil Fishes of the Carboniferous 
Limestone Series of Great Britain. Trans. Roy. Dublin Soc. [2], vol. i., p. 327, 1883.— Fossil 
Fishes of the Chalk of Mount Lebanon. Loc. dt., vol, iii., p. 457, 1887. — Fossil Fish Remains 
from Tertiary and Cretaceo-Tertiary of New Zealand. Loc. dt., vol. iv., p. I, 1888. — Fossil 
Fish of the Cretaceous Formations of Scandinavia. Loc. dt., vol. iv., p. 363, 1890.— B., 
Bibliography of Fishes. 3 vols. Amer. Mus. Nat. Hist., New York, 1916-23. — de Beaufort, L. F., 
Upper Cretaceous Teeth and other Vertebrate Remains fironi a Deep Bea Deposit in the Island of 
Timor. Jaarb. Mijnw. Nederl. 0. -Indie Verb., 1920, iv., p. 61, 1923. — Marine Fishes from the 
Miocene of South Celebes. Loc. dt., 1926, p. 117, 1926. — D' Erasmt, G., Fauna dei calcari a 
ittioliti di Pietraroia. Palaeont* Italica, vol. xxi., p. 69, 1916. — Oatalogo dei pesci delle Tre 
Venezie. Mem. Istit. R. Univ. Padova, vol. vi., 1922. — Kastman, O. R., Les Types de poissons 
fossiles du Monte Bolca. M4m. Soc. G6oL France, vol. xiil., no. 34, 1906. — Devonic Fishes of 
the New York Formations. Mem. New York State Mus., Albany, no. 10, 1907. — Devonian 
Fishes of Iowa. Ann, Rep, Iowa Geol. Surv., 1907 ^1908).— Catidogue of Fossil Fishes in the 
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Scales. — Louis Agassiz distinguished four kinds of scales, to which in his 
system there correspond as many Orders. 

1. Placoid scales occur only among the Eiasmobranchs. They are usually 
small rhombic plates, star-shaped, leaf-shaped, pointed, spade-shaped, or 

Carnegie Museum. Parts I. -IV. Mem. Carnegie Mus., Pittsburgh, vol. iv., no. 7, 1911 ; vol. vi., 
nos. 6, 6, 7, 1914 — Fossil Fishes in the Collection of the United States National Museum. Proc, 

U. S. Nat. Mus., vol. 52, no. 2177, 1917. — /W/tr, JJ. IF., Fo.ssil Fish Remains of the Cretaceous, 
Eocene and Miocene h'ormations of New Jersey. Bull. 4, Geol. Surv. New Jersey, 1911 . — Gvoilricht 

S., Dermal Fin-rays of Fishes. Quart. Journ. Micro. Sci., vol. 47, p. 465, 1904. — Develop- 
ment, Structure, and Origin of Me<lian and Paired Fins of Fish. Loc. cit.^ vol. 50, p. SUSf 1906. — 
Scales of Fish. Proc. Zool. Soc., 3 907, p. 751, 1908. — Vertebrata Craniata (Cyclostomes and 
Fishes), in Laiikester’s Treatise on Zoology, part IX., 1909. — Gunther, A., An Introduction to the 
Study of Fishes. Edinburgh, 1880. — Hay, (K 1*., Upper Cretaceous Fishes from Mount Lebanon, 
Syria. Bull. Amer. Mus. Nat. Hist., vol. xix., art. x., 1903. — Hrxkel, J. J., Beitrage zur 
Keuntniss der fossilen Fische Osterreichs. Deukschr. Akad. Wiss. Wien, vol. i., p. 201, 1850; 
vol. xi., p. 187, 1855; al .so (with Kner, if.), vol. xix., p. 49, 1861. — Hennlg, A’., liber neuere 
Funde fossiler Fische aus Aquatorial ii. Siidafrika. Sitzb. Ges..naturf. Freunde, Berlin, 1913, 
p. 305. — JIussaJcof, L,, Catalogue of Type and Figured Specimens of Fossil Vertebrates in the 
American Museum of Natural History, i. Fishes. Bull. Amer. Mus. Nat. Hist., vol. xxv., p. 1, 
1908. — Permian Fishes of North America. Carnegie Inst., Publ. 146, 1912. — Hussakof, />., and 
Bryant, W. L., Catalogue of the Fos.sil Fishes in the Museum of the Buffalo Society of Natural 
Sciences. Bull. Buffalo Soc. Nat. Sci., vol. xii., 1918. — Huxley, T. H., Preliminary Essay upon 
the Systematic Arrangement of the Fishes of the Devonian Epoch. Mem. Geol. Surv, Unit. 
Kingd., dec. x., 1861. — On Ceratodm forsteri, with Observations on the Classification of Fishes. 
Proc. Zool. Soc., 1876, p. 24. — Oviducts of Osmerus. Lor, ciL, 1883, p. 132. — Jeawiet, A., Les 
Poissons fossiles originaux conserve.s a Plnstitut de Geologic de I'Universite de Neuchatel. Bull. 
Soc. Neuchfit. Sci. Nat., vol. lii., p. 102, 1928 ; also vol. liii., p. 197, 1929. — Jwdan, 1), S,, A 
Guide to the Study of Fishes. 2 vols.. New York, 1905. — The Genera of Fishes. Parts I, -IV. 
Leland Stanford Junior University Pul)lications, 1917-20.— D. iS., ami Mvertmnn, B. W,, 
The Fislies of North and Middle America. Bull. U.S. Nat. Mus., no. 47, pts. i.-iv., 1896-1900. 
— Krantbergef^ D. G., De piscibus fossilibua Comeni, etc. Djela Jugoslav. Akad., vol. xvi,, p. 1, 
1895. — Kyle, H, M,, t^ber die Entstehung und Bildung der Ilartsubstaiiz bei Fischen. Zeitschr. 
f. mikr.-auat. Forschung, vol. ix., p. 317, 1927.— Lerkhe, M., Les Poissons paleoceues de la 
Belgique. Mem. Mus. Roy. Hist. Nat. Belg., vol. ii., 1902. — Les Poissons cocene.s. Loc. ciL, 
vol. iii., 1905. — Les Poissons oligoceiies. Loc. cit., vol. v., 1910. — Les Poissons ncogcnes. Loc. 
ciL, Mem. no. 32, 1926. — Pois.sons fossiles du Nord de la France. Mem. Soc. Geol. Nord, vol. 

V, , no. 1, 1906. — Notes sur la paleontologie du Congo. Revue Zool. Africaine, vol. viii., p. 
67, 1920. — Poissons de la Molasse suisse. Mem. Soc. Paleoiit. Suisse, vols. xlvi., xhii., 1927. 
— lies Poissons du CnHace marin de la Belgique. Bull. Soc. Beige Geol., etc., vol. xxxvii., p. 
199, 1929. — Mailer, J., Uber den Ban und die Grcnzeii der Gauoiden und Uber diis natiirliche 
System der Fische. Abhandl. Akad. Wiss., Berlin, 1844, p. 117. Translated in Taylor’s 
Scientific Memoirs, vol. \v. —Newberry, J. S., The Palaeozoic Fishes of North America. Mon. 
U.S. Geol, Surv., no, xvi., 1889 (1890). — Oertle, G. F., Das Vorkonimen von Fischen in der 
Trias Wiirttembergs. Neues Jahrb. f. Min., etc. Beil.-Bd. lx., Abt. B., p. 325, 1928. — Pictet, 

F. J., Poissons fossiles du Mont Liban. Geneva, 1850. — Pictet, F. J., and Humbert, A., Nouvelles 
Rechercbes sur les poissons fossiles du Mont Lii)an. Geneva, 1866. — Priem, F., Poissons fossiles 
de Perse. Annales, Delegation en Perse, J. de Morgan, Paris, 1908. — Poissons fossiles du bassin 
parisieu. Public, Ann. Paleontologie, 1908, and Ann. Pah^'ontologie, vol. vi., 1911. — Paleon- 
tologie de Madagascar, XII. Les Poissons fossiles. Ann. Pdleout., vol. xiii., 1924. — Began, 

G, T,, Pishes. Encyclopaedia Britaiinica, 14th ed., vol. ix., p, 805, 1929. — Stensid, E. A., 
Triassic Fishes from Spitzbergen, Part I., Vienna, 1921. Part II. in K. Sveusk. Vetensk. - Akad. 
Handl. [8], vol. 2, no. 1, 1925. — Stromer, E. von, Fischreste des obercu und niittlereu Eocan von 
Agypten. Beitr. Paliiont. Osterreich - Ungarns u. des Orients, vol. xviii., 1905. — Thiollkre, V., 
Poissons fossiles provenant des gisements coralliens du Jura dans le Bugey. Lyons, 1864, 1873. 
— Traqimir, R. H., Extinct Vertebrata of the Moray Firth Area. In Harvie-Brown and Buckley's 
Vertebrate Fauna of the Moray Basin (Edinburgh, 1896) ; supplement in I^c. Roy. Phys. Soc. 
Edinb., vol. xiii., p. 376, 1897. — Volta, G, S,, Ittiolitologia Veronese. 2 vols. Verona, 1796, 
1809; — Weiler, W., Beitrage zur Kenntiiis dei* tertiSren Fische des Mainzer Beckens. Abhandl. 
Hess. Geol. Landesanst. Darmstadt, vol. vi, p. 67, 1922 ; vol. viii., pt. 3, p. 1, 1928. — Fischreste 
aus dem nubischen Sandstein und aus den Phosphaten Oberagyptens und der Case Babarije. 
Abhandl. Bay. Akad. Wiss., Math.-naturw. Abt., n.s. 7, p. 12, 1980. — Weiler, IF., and Kre^d, K., 
Fische aus dem nimanischeu Tertiar. Senckenborgiana (Frankfurt), vol. x., p. 55, 1928. — White, 
E, Eocene Fishes from Nigeria. Bull, Geol. Surv. Nigeria, no. 10, 1926. — Vertebrate Faunas of 
the English Eocene, vol. i. British Museum, 1931. — WiUianison, W. 0., Microscopic Structure of 
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even conical structures which lie close together and form a rough mosaic 
(shagreen). The placoid scales are often of variable form on different parts 
of the body, and sometimes {e.g, among the rays) single tubercles are con- 
spicuous by their large size and sculpture, and appear as thick plates 
externally roughened or provided with spines. Placoid scales (Figs. 1-3) 


A 




Fkj. 1. 

A, 8cal« of Sr.yllium, canieuUi. 
Rocent. 50/j. Scales of Carr/jariui 
{Prionodori) gangeticus. Recent,, 
Magnified. 


(3 


Fi(i. 2. 

Large placoid .scale of llaja 
antiqua^ with spine. Pliocene. 
Nat. size. 




Sagittal section through a scale of Sryvmus Hchia. Recent. 6o/i. B, basal ])latB ; i), dentine ; S, enamel ; 
c, cutis; d, horizontal dentine canals; /, bundles of connective tissue; h, large principal dentine canal 
extending upwards ; o, odontoblasts ; p, pulp cavity (after O. Hertwig). 


have the structure of teeth and consist of a basal plate (of thick phosphate 
of lime) penetrated by vertical bundles of connective tissue fibres sunk in 
the skin, and a freely projecting upper part composed of dentine and 
penetrated by coarser and finer little canals {vaso(kntine). All the canals 
arise from a cavity (jmlpa, ji) hUed with connective tissue and tooth cells 
(odontoblast Sf o), and subdivide outwards into continually finer branches. 
Besides phosphate of lime the dentine comprises small quantities of fluoride 
and carbonate of lime. The core of dentine is covered by a thin, shining, 
very hard structureless outer layer (ganodentine or vitrodentine), which corre- 

tlie Scales and Dermal Teeth of some Ganoid and Placoid Fishes. Phil. Trans. Roy. Soc., 1849, 
p. 435 ; also 1851, p. 643. — Woodward^ A. Catalogue of Fossil Fishes in the British Museum. 
Parts I. -IV., 1889-i901. — Fo.ssil Fishes of the Hawkesbury Series at Gosford. Mem. Geol. Surv., 
N.S. Wales, Palaeont., no. 4, 1890. — Fossil Fishes of the Talbragar Beds. Loc. ciL, no. 9, 1896, 
— Fossil Fishes of the Hawkesbury Series at St. Peter’s. Loc. cit., no. 10, 1908. — A Carboniferous 
Pish Fauna from the Mansfield District, Victoria. Mem. Nat. Mns., Melbourne, no. 1, 1906. — 
Fossil Fishes of English Chalk. Mon. Palaeont. Soc., 1902-12. — Use of Fossil Fishes in Strati- 
graphieal Geology. Quart. Journ. Geol. Soc., vol. Ixxi., p. Ixli, 1915. — Fossil Fishes of English 
Wealden and Purbeck Formations. Mon. Palaeont. Soc., 1916-19. — Presidential Addresses to 
the Linnean Society of London. Proc. Linn. Soc. Lond., Sess. 132*134, 1920-22. — Fish-Remains 
from the Upper Old Red Sandstone of Granite Harbour, Antarctica. Brit. Antarct. (Terra Nova) 
Sxped., Nat. Hist. Rep., vol. i., no. 2, 1921. — Tafts, //., and Ofta^a, T., Some Fossil Fishes 
from the Cretaceous of Japan. Japanese Journ. Geol. Geogr., vol. viii., p. 1, 1930. 
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spends histologically and chemically with the enamel of teeth. Placoid scales 
often fall out and are replaced like teeth by successional tubercles. 

2. Ganoid scales (Figs. 4>7) attain a larger size than placoid, and usually 
cover the whole trunk. They are of rhombic or rounded shape, and in the 
latter case overlap one another 
like roofing tiles. Those of 
rhombic form are usually ar- 
ranged in regular rows, and 
are movably articulated by a 
tooth-like process of the upper 
margin which fits into a corre- 
sj)onding hollow on the inner 
side of the adjoining scale. 

The exposed outer face is 
covered by an enamel layer 
{(jamine ) ; it is usually thick 

and shining, smooth, rugose, (/>*) aspects. Lower carboniferous, 
or ridged, and beneath it there 
is a basal plate consisting of bone substance and pierced by numerous canals. 
Among the Palaeozoic genera, indeed, the basal plate shows great complexity 
(Fig. 7). The deepest layer is laminated, with the elongated bone lacunae 





Fio. 4. 

Sc.*ile of Elnnichthya {Cosmojdyi'liiun) 
stnatux Ak* sp. Outer (.1) iiinl inner 
Lo^ 


Flo. 5. 

Two scales of Poly- 
pterus hirMr Bonaj). 
Ilecent. Inner aspect. 
Nc-it. size. 



Vertical section of a scale of Lepidosteus. 
Recent. enamel (ganoine) ; dentine 
tnbnies ; fe, vascular canal, soo/j (after O. 
Hertwig). 



Fio. 7. 


Vertical section of a scale of' HoloptychiuSt 
highly magnillod. Devonian, a, b, lamin- 
ated layer with .spindle-shaped bone 
lacunae (ittojuidin): o, bony layer with large 
vascular canals ; a, layer with line, branch- 
ing dentine tubules {rosmine); e, enamel 
{ganoine) (after Pander). 


between the layers {isopedin). The middle layer has irregularly arranged 
bone lacunae, and is traversed by large anastomosing vascular canals. In 
most Crossopterygii the outer layer immediately below the ganoine consists 
of tubercles or ridges of hard dentine, each with its own pulp cavity from 
which fine tubules radiate (cosmine). In the Chondrostei this cosmine layer is 
reduced, while the overlying ganoine becomes thickened in concentric layers. 
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In the later Ganoids the cosmiiie layer disappears, and the laminated ganoine 
alone remains. 

3. Cycloid and ctenoid scales are exactly alike in general characters, being 

thin, elastic, and of rounded, 
elliptical, four-, five-, or six- 
sided shape. They consist of 
a homogeneous, transparent 
shining surface-layer of phos- 
phate of lime, and of a base of 
connective tissue deficient in 
alkalies. The scales are de- 
veloped in special folds of the 
cutis, and generally overlap 
one another like roofing tiles. 
Cycloid scales (Fig. 8, J-C) 
generally exhibit a rounded or 
oval form and a simple non- 
ser rated hinder border. In 
ctenoid scales (Fig. 8, 7>, E) 
there project from the hinder 
border small points and 
denticles, which are sometimes 
arranged in several series one 
behind the other, and may 
indeed cover a considerable 
part of the hinder surface and 
have the same structure as the 
superficial layer. From the 
so-called primitive field divergent lines radiate chiefly forwards and backwards, 
and sometimes also pass into reticulations ; these lines being merely fissure- 
like interruptions in the outer layer 
(Fig. 9). Between the upper parallel 
layers of the fibrous connective tissue of 
the base there are often intercalated 
small, round, concentrically marked cal- 
careous bodies, which are most numerous 
beneath the primitive field, sometimes 
fused with each other into a continuous 
layer, and here and there exhibit bone 
cells. Such scales are not essentially 
different from very thin ganoid scales. 

The large plates, shields, spines, etc., 
which partly cover the body and partly 
the head of many fishes {Arthrodira^ 

SiluridaSf Acipenseridae\ consist either 
of uniform bone substance, or, like the ganoid scales, of layers of bone, dentine 
(cosmine), and enamel (ganoine). 

Large spines {IchthyodorulUes) (Fig. 10), sometimes occur on the front 
margin of the median, and more rarely of paired fins, or on the head of 
cartilaginous fishes (Elasmobranchii), They are usually implanted loosely in 



Pio. 0. 


External Huii'ace af a scale of Pleuronectes, to show 
the vacuities (x) between the raised concentric lines. 
Very much magnified (after Baudelot). 


A /f C 



Fio. 8. 


Cycloid scales o( A, Ijiuciscu^^ li, Mormyrm, an<l C\ Naitcrates. 
Ctenoid scales of D, Solm, and E, Hohtcanthus. Much magnified. 
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the muscles by an elongated base, only exceptionally (Chimaera) articulated 
with a lower piece. Like the scales and teeth of Placoid fishes they consist 
entirely of varieties of dentine. Ichthyodorulites often attain a remarkable 
size, and occur isolated in a fossil state, while the 
Palaeozoic examples are sometimes characterised by 
a rich sculpturing. 

The outer projecting parts of the fins are also to 
be regarded as dermal structures. They arise as folds 
of skin, which gradually become strengthened by 
numerous horny fibres {cemtotrielda or actinotrichia) 

(ElasmohrancMi, Dipnoi), In most Ganoids and Tele- 
osteans these fibres are replaced by bony rays {lepido- 
tricMa\ which seem to originate in rows of scales 
placed end to end and so consist of two closely apposed 
halves. In the Acanthopterygii (Fig. 11) each half of 
every spinous ray consists of a single piece ; in the 
lower fishes all the rays are subdivided by transverse 
sutures into numerous little pieces and often branch 
towards the end. Spiny and articulated rays fre- 
quently occur in one and the same 
M A fin, and in this case the spines are 

/I I always in front. The rays of the un- 

// I paired fins are borne as a rule on fiat 

II I cartilaginous or bony supports with 

if 11 which they articulate (Fig. 11, C). 

il II These fin supports in the most primi- 

f| |l tive fishes arc correlated with the 

11 1 1 neural and haemal arches and in 

Iw direct line with them, each consisting 

^ ^ proximal piece (amnobt) and a 

Aciy distal piece (baseost). In the higher 
fishes they penetrate between the 
spinous processes of the vertebrae 
known as intcrspinous bones 
W or, according to their position, as 

f interneurals and interhaemals. 

In many Elasmobranchs {Pristio- 

A, n, itay fro® ti.e graJation can be 

dorsal flu of an Acan- observed between the Placoid scales pio. lo. 

fro^t ^ew8.* C, Fin of thc external skin and the teeth ^ Dorsal tin spine of Hyhodus, 
oKne.” and ns both exhibit essentially the Sofi. 

same histological structure, while the 

teeth only assume a firm connection with the head bones in the higher fishes, 
the teeth must indeed be regarded as dermal structures. 

Among fishes all the cartilages or bones surrounding the mouth and gill 
cavity may bear teeth. These originate in the calcification of skin papillae, 
consisting of a crown which freely projects, and of a root which is surrounded 
with connective tissue or united with the head bones. Their form and 
proportions are extraordinarily variable according to their functions. All 
gradations exist from the minute granular denticles of the perch to the long 


Dorsal fin spine of Hyhodus, 
l)ack and side views. Upper 
Lias; Boll, Wtirtemberg. 
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brush-like teeth of the sheat-fish, to the robust prehensile teeth of the pike, 
and the powerful conical or laniary teeth of Dendrodiis or Fortheus, Among 
the sharks there often occur teeth shaped like an arrow-head, flattened on 
one side, with or without lateral denticles. To crush the food there are 
sometimes obtusely conical teeth, sometimes bean-shaped, hemispherical, or 
pavement-like teeth, and in certain Elasmobranchs the teeth are closely 
pressed together into a continuous mosaic. Peculiar cutting dental plates of 
considerable size occur in Diodori, Jlrthrodira, and Chimaera, 

The number of the teeth in fishes is as varied as their shape. While 
the Dipnoi, Jlolorephali, and Gymnodonts possess only four to six teeth in 
all, in many sharks and teleosteans these are numbered by hundreds. 

In the young of almost all fishes the teeth are fixed to the cartilaginous 
or bony support by fibrous connective tissue, and in sharks and in many bony 
fishes this arrangement persists throughout life, so that after long maceration 
the teeth can easily be stripped off their base. In bony fishes and many 
ganoids tho roots of the teeth become fused with the bone, and a socket-like 
elevation usually grows round the teeth. Exceptionally, teeth are also im- 
planted in distinct sockets. The successional teeth are usually developed by 
the side of the functional teeth and continually push them out. 

With few exceptions the crown of the tooth consists of dentine (cosmine), 
vasodentine, and ganodentine (gamine or enamel), the root of vasodentine or 
osteodentine. The enamel forms a thin, brilliant, homogeneous superficial 
layer, as hard as glass, and is easily recognised in polarised light by its double 
refraction. Very fine unbranched tubules frequently pass from the dentine into 
the enamel. It is composed of phosphate of lime, with a little fluoride of lime, 
a little carbonate of lime, phosphate of magnesia, and a very small quantity 
of organic matter. The dentine or tooth substance contains no fluoride of 
lime but much more organic matter than the enamel, is less hard, and 
dissolves more slowly in acids. Typical dentine or cosmine (Fig. 12, D) is 
traversed by very fine outwardly branching tubules, which radiate outwards 
from the pulp or its branches, and contain thread-like processes of the tooth 
cells (odontoblasts). The dentine is also very frequently traversed by large 
anastomosing canals (Haversian canals), in which blood-vessels penetrate, 
and the walls of which are covered with odontoblasts. Fine dentine 
tubules then radiate in a peripheral direction from these large canals. 
This vascular modification of tooth substance is known as vasodentine (Figs. 
13, 14, VD). 

The root of the teeth of fishes is distinguished from the crown by the 
absence of an enamel layer. It consists either entirely of vasodentine, or also 
exhibits bone cells with radiating primitive tubules (osteodentine). 

The internal skeleton of fishes shows that in the different Orders of this 
Class there persist until adult life almost all the stages of development which 
are only temporary among the higher Vertebrates. The whole process of the 
gradual segmentation, chondrification, and ossification of the vertebral column 
and of the rest of the skeleton is quite clear in the different groups of fishes, 
and the fossil forms from the Palaeozoic and Mesozoic dftpi»idi | , fnrniah the 
most important information in this respect. 

Vertebral Column . — The first trace of the internal skeleton in alT^kj^ebrata 
is confined to an elastic rod-like structure (chorda dorsalis or noto^Ulf^ex- 
tending longitudinally on the dorsal side of the body, consisting of oil-beH||g 
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cells, and enveloped in a laminated sheath. Upon the chorda dorsalis lies 
the spinal chord ; below it, the ventral cavity of the body. 

The vertebral column persists throughout life in this primitive stage only 
in Amphioxus. The notochord, indeed, still remains unsegmerited in the 
Cyclostomes, but the spinal chord is already protected by arch-shaped bars of 
cartilage developed round the sheath of the notochord (neural arches) ; and at 
the front end there is developed a cartilaginous capsule for the reception of 
the brain. 

In all typical fishes the vertebral axis is divided into ring-shaped segments 
(vertebrae), which are partly or completely cartilaginous or bony. The chondri- 



Vortical section of part of a 

Vortical s(?ction of a tooth of Lepi- tooth of .'i pike (Ksor). Itecent. Vertical section of a tooth of 
(lotus (Sithaerodvs) pigns Ag. Consist- i>, dentine; .S’, enamel; F/>, Laihua. Eocene. D, dentine; 
iiig of dentine (P) .'vnd eiuuncl (S). vasodentine; ir, root of t noth. -S’, enamel; VD, vasodentine. 
Upper Jurassic. Much magiiitied. Much magnilied (utter Sternberg). Much magni tied. 


fication or ossification always arises in the skeletogenous layer bounding the 
notochordal sheath, and begins with the u])por and lower arches. 

A complete vertebra consists of a vertebral body {centrum) surrounding 
the notochord, two upper half-arches surrounding the neural canal {neura- 
pophyses), and two lower half-arches {haemapophyses). The upper arches are 
united with a dorsal spinous process {processus spimsus, spina dorsalis, or 
neural spine), while the lower arches either unite in the caudal region into a 
ventral spinous process {spina ventralis), or remain as lower transverse processes 
{parapophyses). 

In many fishes provided with a cartilaginous vertebral column (Selachians 
and Acipenseroids), there are interposed between the upper and lower arches 
cartilaginous intercalary pieces {intercalaria) which sometimes exceed the 
arches in size (Figs. 16 , 17 , i). 

The vertebral centra or vertebral bodies in cartilaginous fishes usually 
surround a persistent remnant of the notochord, which pierces the whole of 
the vertebral column and partly fills the intervertebral spaces. The carti- 
laginous, calcified, or bony anterior and posterior faces of the vertebral bodies 
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are deeply hollowed like double cones (amphicoelous)^ and thus give the centrum 
an hour-glass shape. In the Elasmobranchii there is usually a partial calcifica- 
tion, in the Ganoidei and Teleostei an ossification of the primitive cartilaginous 
centrum. While, however, the bony fishes generally exhibit complete 
ossification of the whole vertebra with all its processes, the Ganoids of the 
Palaeozoic and Mesozoic deposits display every possible stage in the process 
of ossification. In completely ossified vertebrae the anterior and posterior 
edges of the amphicoelous centra are in close contact and also bound together 
by ligaments : the notochord persists only in the intervertebral spaces, and 
does not form a continuous thread. The arches are firmly fused with the 
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Three caiulal vortebiae of 
Cenlrophorus in side view, ha, 
haemal arches ; i, intercalary 
cartilages ; na, neural arcli(*H ; 
ju, vertebral centra (after 
Ilassc). 
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Vertebrae from the al)doTniTjal region of theSlurgeoi 
{Aeipenner), in side view (^)and in vertical transverse 
section (/i). Cartilage dotted, bone white, c, ventral 
intercalary pieces ; rh, nottjcliord ; /, nerve foianiina ; 
i, intercalary i)ieceR; m., neural canal; w, neural 
ai-ches ; p, parapophyses ; r, ribs ; a, sheath of noto- 
chord ; neural spines (after 31. Hertwig). 


centrum, and on the ant(3rior margin of the upper arches there usually 
projects a short process {zyr/apophysis), which overlaps a similar posterior 
process of the centrufn on each side, and thus strengthens the union of 
contiguous vertebrae (Fig. 18). In the binder or caudal region the lower 
arches form a ventral spinous process (Fig. 1 8) ; in the anterior or abdominal 
region the lower arches project as short parapophyses, and serve as supports 
for the movable ribs. True ti'ansverse processes {diapophyses, processus trans- 
versi), to which the ribs are attached in the higher Vertebrata, and which 
arise from the upper arches, occur only exceptionally (Folypterus, Pleuronectes) 
besides the parapophyses. In the Cyclostomes and Chimaeras ribs are 
entirely absent ; in the Elasmohramhii and cartilaginous Ganoids they are 
usually feebly developed or rudimentary. The ribs of the two sides are never 
united with each other at the ventral border either directly or through the 
intervention of a sternum. The intermuscular hones, which arise in the 
membrane between the muscle plates, must not be confounded with ribs ; 
they are delicate bony filaments, often forked at one end, which are disposed 
between the muscles, and rest on the vertebral centra, arches, or ribs. 

The number of the vertebrae in fishes varies most remarkably in the 
different groups. In certain bony fishes (Ostracion) only 15 are to be counted, 
while in others there are 70 to 80, in the eel about 200, in many sharks from 
350 to 400. 

The hinder end of the vertebral column in the embryonic stage of all 
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fishes is diphijcercal or heterocercal} In the first case the vertebral column 
extends in a straight line to the end of the trunk, and is symmetrically 
fringed above and below with the caudal fin. The Ct/closfomiy Dipnoi, and 
many Crossopterygii (Fig. 19) either remain in this embryonic stage through- 
out life, or revert to it by acquiring a secondarily developed diphycercal (or 
gephyrocercal) tail. In the heterocercal fishes (sharks, rays, etc., and many 
Ganoids) the end of the vertebral column is bent upwards (rarely downwards 
— hypocercdl), and completely passes into the upper (rarely lower) lobe of the 
caudal fin, which is usually elongated, and exceeds the lower (rarely upper) 
lobe in size (Fig. 20). Between the diphycercal and heterocercal types of tail 
there are many gradations. In the hetero-diphycereal tail the vertebral column 


c 
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Cindal vcrttsbrae of the Carp. J, Vertical loiifcitiidinal section of t hree vertebrae. B, Oetacheil vertebra, 
chiefly in side view. 0, Last abdominal and first caudal verteljra. r, eentriitn ; c//, notochord ; ha, haernal 
arches ; n, neural arches ; pi, parapophysis ; neural spine.s; haemal spines ; aa, zygapophyses (after 
R. Hertwig). 

is elongated in a gentle upward curve at its hinder end, and fringed above 
and below with fin rays ; but the rays of the upper lobe are much less 
developed than those of the lower lobe. Sometimes also the external caudal 
fin consists of two similar lobes, while the vertebral column is bent upwards, 
and extends far into the upper lobe (Fig. 21). Such fins are externally 
homocercal, internally heterocercal. In the heyni-helerocercal tail the upper lobe 
of the externally symmetrical caudal fin is still partly or completely covered 
with scales. 

In all cycloid and ctenoid fishes the caudal fin is at least externally 
homocercal (Fig. 22). The vertebral column terminates in front of the fin 
with a vertebra bearing a broad, vertical, fan-shaped plate (hypnral), which is 
formed by the fusion of several fin supports and haemapophyses. This 
terminal plate generally encloses a short, upwardly directed remnant of the 

^ Agassiz, A., Young Stages of Osseous Pishes. I. Development* of the Tail. Proc. Amer. 
Acad. Arts Scu, vol. xiii,, p. 117, 1878. — Hu^ey, T. 11., Development of some parts of the 
Skeleton of Fishes. I. Tail in Teleostean Fishes. Microsc. Journ., vol. vii., p. 83, 1859. — 
Kolliker, A., tJber das Ende der Wirbelsaule der Ganoiden und einiger Teleostier. Leipzig, 1830, 
— Ryder, J. A., Origin of Heterocercy and the Evolution of the Fins and Fin-rays of Fishes. Ann. 
Rep. Commiss. Fish and Fisheries for 1884, Washington, p. 981, 1886. See also Goodrich, E. S., 
1906, ref. in footnote, p. 3. 



CLASS I 


PISCES 


13 


notochord or a bony style (urodyle). There is thus an internal heterocercy 
as the basis of the homocercal tail. 

Nearly all Palaeozoic fishes have a diphy cereal (perhaps gephyrocercal) or 
heterocercal tail ; hemi-heterocercal forms begin with Acentrophorus in the 
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I)iphyc*«rcal (or Kephyroot'rcal) caiKlul liii •>{ J^oJupteriis Extremal I y and intornally heterocercal caudal 
hichir Jlonap. Ileeej)t. ch, hinder cm! ol’ vertebral tin of the Sturgeon (.icd7/tJ7fW). 
column (after Kiilliker). 


Upper Permian, and are common in the Triassic and Jurassic. The 
Cretaceous, Tertiary, and Kecont bony fishes, when adult, exhibit a homo- 
cereal tail ; but in their immature condition there is always a diphycorcal or 
heterocercal stage. 

Skull . — The head forms the anterior end of the vertebral axis, and its skeleton 
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Internally hetcrocorcal caudal fin of Amia. Externally homocercal (stegnrous) caudal fin of the 

Recent, c/i, cartilaginous hinder end of the ver- Salmon (.S'a/wto mfar), n, h, c, upper roofing bonea of 

tebral column, with rudiment of notochord (after the end of the notochord; ch, projecting end of the 

Krdlikor). notochonl (after K(jlliker). 

exhibits a greater complexity in fishes than in the higher Vertebrates. Except 
in Amphioxtis, the brain is enclosed in a cartilaginous or bony capsule, the skull 
or cranium, which also contains the organs of hearing, sight, and smell. With 
the skull are connected a large number of paired cartilaginous or bony pieces, 
which together form the so-called visceral skeleton. 

The embryonic primordial cranium of all Vertebrates is cartilaginous, and 
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is developed like the vertebral column round the notochord, which always 
extends far into the base of the skull. 

In the typical Elasmob^anchii^ (Fig. 23) the whole cranial skeleton is 
cartilaginous, and only exceptionally hardened by the deposition of phosphate 
of lime (Ichthyoiomi), The long cranial capsule does not exhibit any sutures, 
and comprises in its anterior part (ethmoidal region) the olfactory nerves, in 
the middle (orbital region) the optic nerves and eyes, in the hinder part the 
organs of hearing, the hemispheres of the cerebrum, and the cerebellum. The 
visceral skeleton consists of a number of variously shaped cartilaginous arches, 
of which the foremost (pterygoquadrate) surrounds the cleft of the mouth, 
and is characterised by its relatively large size. The mandible or lower 
jaw is articulated with the pterygoquadrates. Two small labial cartilages, 
sometimes termed maxilla and prcmaxilla, occur on each side in front of 



Fio. 28 . 

Skull and branchial apparatus of Squatina vuhjaris Risso. Recent. Bli, rays of the hyoifl arch ; CHr, cerato- 
brauchial ; Co, copula of the hyoid arch; (V, hindmost copula of the branchial arches; KBr, epibranchial ; 
nth, ethmoidal nigion ; Jiff, hyoid arcli ; JfyM, hyomandibular ; J,, IJ, L", anterior tpremax illary), posterior 
(maxillary), and inferior (preniandibular) labial cartilage.s ; Md, lower jaw' or mandible ; Ooc, occipital region. 
llhVlI, Branchial arclics (after Gpgpnl>aur). 


and below the pterygoquadrate. The latter element is connected with the 
skull in the ethmoidal region by ligament, and in the hinder portion by the 
second visceral arch, of which the upper portion (hyomandibular) is in contact 
with the auditory region of the skull, while the lower portion forms the hyoid 
arch. The pterygoquadrate and mandible are provided with teeth. Behind 
the hyoid arch there follow five (rarely six or seven) other visceral arches, 
which serve for the support of the respiratory organs, are composed of several 
pieces, and united ventrally by median intercalary pieces (copulae). Both the 
gill arches and the hyoid bear cartilaginous gill rays. In the Holocephali the 
pterygoquadrate and hyomandibular fuse together and with the cranial capsule. 
The mandible thus becomes autostylic, ix, articulates directly with the 
cranium. 

In the cartilaginous ganoids {Acipenser^ Spatularia)^ bony elements begin 
to take part in the formation of the head. The cranial capsule, indeed, 
remains for the most part cartilaginous ; but externally there are a number 
of bony plates, which cover the cranium on the top and sides, and there 

^ Qegenhaur, <7., Das Kopfskelet der Selacliier. Leipzig, 1872. 
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is also developed below the base of the skull a long, delicate, dermal bone 
(parasphenoid), which extends forwards to the ethmoidal region and backwards 
even beyond the occiput. The pterygoquadrate, hyomandibular, and mandible 
are also covered with bone ; and the fold of skin covering the gill clefts is 
likewise ossified as a single gill cover (o}>erculum). The pterygoquadrate 
and hyomandibular form the freely movable (hyostylic) supports of the 
mandible. 

The Dipnoi resemble the cartilaginous ganoids, except that in them the 
pterygO(iuadrate and hyomandibulfir are fused with the cranium (autostylic). 

In the scaly ganoids and bony fishes more or less ossification of the cranial 
capsule and visceral skeleton occurs. The ossification begins first, as in the 
cartilaginous ganoids, with dermal bones, and then the substitution of bony 
substance for cartilage follows. The distinction between dermal bones and 


ossified cartilage (cartilage bones) 
can, however, only be made by 
determining their mode of de- 
velopment. 

In the cranium proper (Fig. 
24) three regions are distinguish- 
able — the occipital portion, the 
auditory, and the orbito-ethmoidal 
regions. The hindmost or occi- 
pital region consists of four carti- 
lage bones : — (1) The lower 
occipital bone (occipitale basilare, 
basioccipital), which usually con- 
tains a persistent remnant of the 
notochord, and is in contact with 
the vertebral column with its 
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(h-auiuni of tl»e Carp (('yprinv^ carpio Ijinn.) AlS, ali- 
Bphenokl ; BO, basioocipittil ; ItSph, basisplienoiti ; Ej), epiotic ; 
Kth, ethmoid ; Exo, (^xoccipitfil ; Fr, frontal ; io, interorbital ; 
OpO, opisthotic; orbitosphenoid ; iVi, parieUl ; Frf, 

prefrontal ; PrO, proolic ; l'S])h, parasphenoid ; Ptf, post- 
frontal ; SO, supraoccipital ; .S’t/, squamoHul ; Vo, vomer (after 
R. Owen). 


deeply hollowed hinder end ; (2, 3) a right and left lateral occipital (occipi- 
talia lateralia, exoccipitals), which bound the greater part of the foramen 
magnum ; and (4) an upper occipital (occipitale superius, supraoccipital) 
which belongs to the cranial roof, often thrust between the parietal bones and 
provided with a vertical median crest. 

The auditory capsules are surrounded laterally by several pairs of bones 
often completely covered by the facial and other membrane bones. Among 
them are distinguished immediately in front of the exoccipitals the opisthotic 
{OpO), the epiotic {Ep), adjoining the latter in its hinder upper part, and 
the prod tic {PrO), which is usually pierced by the trigeminal nerve. With 
these bones, which form the auditory capsule proper, there is connected a 
cartilage bone on each side above and in front of the opisthotic, the pterotic, 
which is overlaid by a membrane bone, the squamosal, and usually in the 
higher fishes fused with the latter. The mandibular suspensorium (hyoman- 
dibular) articulates with the lower face of the pterotic. 

The lateral investment of the middle orbital region of the skull, which 
sometimes remains cartilaginous or membranous, and is sometiines more or 
less completely ossified, consists externally of facial bones. Two pairs of 
bones can be distinguished here, posteriorly the alisphenoid placed just in 
front of the prootic, and anteriorly the orbitosphenoid ; both pairs, but 
especially the orbitosphenoids, often fuse together completely in the middle 
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line below. The base of the skull is formed by a large dermal bone, the long, 
sword-shaped paraspheiioid, which abuts behind on the basioccipital, in front 
on the vomer. 

The roof of the two hinder regions of the skull only rarely arises in 
cartilage ; it usually consists of membrane bones, which arc intimately con- 
nected with the cartilage elements. There are thus intercalated between the 
supraoccipital and the squaniosals two parietal bones, and these are followed 
in front by the two frontal bones, which often fuse together into a large 
simple plate. By the side of the latter and in front of the squamosal there 
occurs the i)Ostfrontal (sphenotic) cartilage bone, which is overlaid by a 

membrane bone in the 
Ganoids, but is exposed 
in the Teleosteans. There 
is also occasionally a small 
supraorbital above the 
eye. 

The anterior ethmoidal 
region possesses as its base 
the vomer (Fo) or plough- 
share bone, which also 
forms the anterior part of 
the roof of the hard palate. 
From the vomer on cither 
side there slopes uj)wards 
and outwards a prcfiontal 
cartilage bone {ctlivioidale 
laterale\ which is con- 
nected above with the 
frontal and with the cartil- 
age bone known as ethmoid 
{Eth), which surrounds the 
nasal capsule above, in 
front, and partly at the 
side. One or more small 
ossifications above each 
nasal opening, which are 
sometimes fixed to the outer face of the ethmoid, are termed nasal bones or 
nasalia (Fig. 25, Na). 

To the visceral skeleton (Figs. 25, 26) befong the jaw apparatus, the 
facial bones, and the gill arches. The hyomandibular is in close connection 
with the hinder part of the pterygoquadrate. Thus arises the so-called 
suspensorium, which, as support of the mandible, is movably connected by 

ligaments with the skull. The quadrate articulates below with the mandible, 

and is firmly fixed above with the symplectic, which occurs at the lower end of 
the hyomandibular. From the quadrate there extends forwards the angularly 
bent ectopterygoid, upwards the metapterygoid, and again forwards the meso- 
pterygoid (or entopterygoid), of which the anterior end is connected with the 
palatine. The latter is fixed by cartilaginous ligaments at its anterior border 
to the vomer and the ethmoidal region. 

In front of the palatine on each side there occur two pairs of rather large 



Fig. 25. 

Cranial skeleton of tlie Salmon. The persistent, curtilage of the 
cranium dotted ; the bones developed from cartilage lettensi in italics, 
the membrane bones in Roman type. A, eye; Ang, angidar ; Art, 
articular; Br.R, branchiostegal rays; C.Ily, ccratohyal; J), dentary; 
E.Hy, epihyal ; Kp.O, epiotic; Kth, ethmoid ; Fr. fi'ontnl ; (hlly, ylossohyal ; 
IT.hy, hypohyal ; JfM, hyomandibular ; lOp, interoperculum ; Ju. jugal; 
L, lachrymal ; M.Pt, metapterygoid ; Ms.Pf, mesopterygoid ; Mx, maxilla; 
Na, nasal ; Op, operculum ; Pa, pari(^tul ; Pmx, premaxilla ; POp, 
preoperculura ; Pt, jmlatine; Pt.O, p/ero/w; (with 8quamo.sal) ; Qu, 
gutulrate ; S.O, mpraoccipihd ; Sb.Or, suborbitals ; SOp, suboperculurn ; 
HOr, supraorbital ; nyniplectic (after Parker). 
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bones, which are usually provided with teeth. The anterior of these, the 
preinaxilla or intermaxilla, usually meets its fellow of the opposite side in 
a symphysis in front of the ethmoid region. I'he hinder bone, or maxilla, 
is sometimes connected with the quadrate through the intervention of a 
slender jugal or supramaxillary. 

The lower jaw (mandibula) consists of the articular, a postero-inferior 
angular, which often remains cartilaginous, and the large principal piece or 
dentary {dentate), which usually bears teeth. On the inner side there is also 


a membrane bone, the splenial (or oper- 
culare), which not unfrequently bears 
teeth, and sometimes (as in the Grosso- 
pterygii) consists of two or more bony 
pieces. 

Several opercular bones arising 
from a fold of skin attain a remarkably 
great develoi)ment in both the Ganoidei 
and Teleosiei. The foremost, ov preoper- 
culum, is usually a rather long, slender, 
slightly arched, bony plate, which is 
connected above with the hyoman- 
dibular, below with the quadrate. Be- 
hind this there is an operculum, usually 
of relatively large size, bounded below 
by a suboperculum, often also by an 
interoperculum, which is connected with 
the hinder end of the mandible. 
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A variable number of small dermal 
bones or suborbitals (suborbitalia) form 
the arched posterior and inferior margin 
of the orbit. The supraorbital (SOr) 
above and the lachrymal (L) in front 


Right half of the hyoid and branchial arches of the 
Perch {l‘prra JhiviatiJis Linn.), branchiostegal 

rays ; CHy, ceratohyal ; Co, copulae of bi’anchial 
arches ; EHy, opihyal ; GHy^ glossohyal ; UHy, 
hypehyal; Illy, interhyal ; upper pharyngeal 

bones; Uliy, urohyal ; II, hyoid arch; III-VII, 
branchial arches (after Cuvier). 


are small dermal bones, which are in close connection with the cranium, but 


are only rarely developed. 

The gill apparatus (Fig. 26) of the Ganoidei and Teleosiei does not differ 
essentially from that of the Elasmobranchii, except that the gill rays supported 
by the hyomandibular in the latter are replaced here by opercular plates, 
while behind the hyoid there are never more than five (rarely four) bony 
arches, and the branchiostegal rays of the hyoid arch become robust bony 
pieces or plates. The hyoid is subdivided into an upper epihyal, a middle 
ceratohyal, and a small hypohyal (basihyal) consisting of two pieces ; the median 
connecting piece {copula) is extended more or less forwards into the tongue as 
a glossohyal, and is sometimes covered with teeth, sometimes toothless ; a 
second segment of bone belonging to the cojiula, directed backwards, is named 
urohyal. The gill arches {branchialia) also consist each of three pieces {epi-, 
cerato-y and hypobranchiale'), connected in the median line with copulae, and 
beset throughout their entire length with delicate cartilaginous rays, some- 
times also on their inner side with tooth-like prominences or spines. With 
the epibranchials are also connected the short upper pharyngeal bones, which 
often bear teeth. The last branchial arch is usually more or less modified, 
and forms the lower pharyngeal bones. 
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The limbs of fishes comprise not only the paired, but also the unpaired fins, 
since both function as organs of locomotion. The paired fins correspond 
with the extremities of the higher Vertebrata, the pectoral fins with the 
anterior, the pelvic or ventral fins with the posterior limbs. 

Both the pectoral and pelvic fins are connected with originally cartilaginous 
arches (pectoral and pelvic girdles), which may become ossified and covered 
with bony plates in variable number. They are entirely absent only in 
Amphioxus and the Cyclostomi. Except in the Elasmohranchii, the pectoral 
girdle is usually fixed to the supraoccipital or pterotic bone. In the Elasmo- 
brancMi (Fig. 27, A) it forms a simple arch of cartilage, ventrally closed, 
situated behind the gills, its upper ends either terminating freely (sharks) or 
connected with the vertebral column (rays) ; it is bent u])wards at the 
insertion for the fins, and pierced by nerve foramina. In many (lanoids 
{Chondrostei^ Crossopterygii) the primary cartilaginous pectoral girdle, divided 
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Pectoral arch and fin of Heptanchus {EJasmohranchii), li, Polypterus (Ganoifin). C. Salma (TeUoKUl). el, 
ckntlirura ; co, coracoid ; fa, outer dermal fin rays (oxoskeletal) ; mu, niesoi)terygiiim ; vU, inetapteryginm ; 
p, propterj'gium ; pel, postcloitlirutri ; pt, i>OHt-temporal ; r, basal rays (eiidoskeletal) ; sc, scapula ; scl, supra- 
cleithrum. 


into two pieces by a ventral suture, is covered on each side by three membrane 
bones, of which the median and largest is termed cleithnm, the lower one 
clavicula, the upper one supracleithrum. The latter is usually divided into two 
pieces, of which the upper is named post-temporal. In the other Ganoids and 
the Teleosteans the primary pectoral girdle is entirely replaced by ossification. 
The girdle is here formed of two bones united by jagged suture on the postero- 
internal face of the very large oleithrwmy the hinder element homologous with the 
scapula^ the antero-inferior element with the coracM, In several families there 
is also a third, slender, arched bar {Spangenstiiefe, precoracoid, or mesocoracoid), 
extending downwards and inwards to the lower end of the cleithrum. 

The cleithrum is always the princijial bone of the pectoral girdle in the 
Teleostei, and its size and form vary remarkably. A supracleithrum and a 
post-temporal (Pt) rest on its upper end ; while an ordinarily slender acces- 
sory dermal bone, the postcleithrum, overlaps it behind. 

The pectoral fins themselves can only be homologised in part and with 
difficulty with the anterior extremities of the higher Vertebrata (Fig. 30).^ 

^ Broom, R., The Origin of the Cheiropterygium. Bull. Amer. Mus. Nat. Hist., vol. xxxii., 
p. 459, 1913. — Orego'ry, W, K., Origin of the Tetrapoda, Ann. New York Acad. Sci., vol. 
xxvi., p. 363, 1915. — Gregory, W, K,, Miner, R, W,, and Noble, O, K,, Carpus of Eryopa and 
Structure of Primitive Chiropterygiiim. Bull. Amer. Mus. Nat. Hist., vol. xlviii., art. x., 1923. — 
Petronievics, B,, Pectoral fin of Evsthenopteron, Ann. Mag. Nat. Hist. [9], vol. ii., p. 471, 
1918. — Romer, A. S,, Pectoral Limb Musculature and Shoulder-Girdle Structure in Fish and 
Tetrapods. Anatomical Record, vol. 27, p. 119, 1924. — Romer, A, S., and Byrne, F,, The Pes 
of Diadectea: Notes on the primitive Tetrapod Limb. Palaeobiologica, voL iv., p. 25, 1981. — 
Watson, 1), M,8,, Primitive Tetrapod Limb. Anat. Anzeig., vol. xliv., p. 24, 1913, 
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They appear to have originated as the front part of a paired lateral fin fold, 
which, according to Cope, is still to be seen, though subdivided into several 
pairs of fins, in certain Lower Devonian Acanthodii {Clmatius, p. 53)* At 
first they must have been stiffened with parallel bars of endoskeletal cartilage, 
which are still shown in the Upper Devonian sharks of the Order Pleuropterygii 
(filadoselache, p. 57). In these sharks the bars of cartilage are becoming 
modified by crowding and by some fusion at the base. One result of this 


crowding, and subsequent cross-jointin, 
of an elongated fin with a median axis 
side with shorter cartilages, as in the 



FiO. 28. 


Pf,ctoral fin of Squa- 
tina vulgar in Rihso. 
Wit.hout«r<lernial rays 
removed, inn, nieso- 
pterygluin ; nit, meta- 
pterygium; j)ro- 
pterygium ; r, ra<lials. 



QneenHland. a, basal cartilage ; b, fin ; pectoral 
arch. 


seems to have been the i)roduction 
of cartilage which is fringed on either 
Carboniferous and Permian sharks of 
the Order Ichthyotonii (Pleuracanthns, 
p. 61). A similar biserial fin occurs 
in the Dipnoan Ceratodus (Fig. 29), 
and in this case it was studied by 
Gegenbaur, wlio was led by compara- 
tive anatomy to suppose that it re- 
presented the most primitive ty})e of 
paired fin, or archipterygiurn. In most 

A 



(.■l)aiid Kufthem)pteron{Ii), Upper Devonian. 
Sc, pectoral arch ; //, R, U, cartilages which 
may ^)erhai>.s represent the liumerus, radius, 
and ulna of the higher Vertebrata (after 
Broom). 


Elasmobranchiiy however, there is no such extreme narrowing of the endoskeletal 
base of the pectoral fins. There are usually three large adjacent basal cartil- 
ages, the pro-, meso-, and metapieryginm, connected with the pectoral girdle, 
and each bears several rays consisting of pieces of cartilage (Fig. 28). The 
metapterygium is always the stoutest ; the two others are often much reduced 
or may even be completely absent. The dermal part of the fin is itself 
always supported by numerous horny filaments in pairs. 

In many of the most primitive Gamidei the pectoral fin is also in the form 
of GegenbauFs archipterygiurn fringed with horny rays, and thus of the 
crossopderygian type. In most of the Gamidei^ however, as in the Teleoste% the 
endoskeletal basal supports are extremely degenerate, and the relatively large 
fin membrane is supported by bony dermal fin rays (the actinopterygian type). 

The so-called pelvic girdle of the hinder extremity is considerably simpler 
than the pectoral girdle. Among the Elasmoh^anchii it appears as a paired or 
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unpaired rod pierced by nerve foramina, either lying in the longitudinal axis 
of the body or forming an arch, convex in front, concave behind. To this 
girdle are attached the two basal pieces (pro- and metapterygium) of the 
pelvic fin, which bear a single series of cartilaginous rays on their outer side. 
Among the Ganoids Polypierus alone retains two small pieces of cartilage as 
remnants of a pelvic girdle ; in all other Ganoids, as well as in the Teleosiei, 
the pelvic girdle is completely wanting, but the metapterygium of each side 
attains a remarkable size, and forms the whole fin support, sometimes as a 

simple elongated bone, sometimes as a plate fork- 
I'Wo pieces. In the Ganoidei the radials 
at the base of the fin skeleton are occasionally 
bony ; in the Teleostei^ on the other hand, they are 
usually cartilaginous, much reduced, sometimes 
A. ^ indeed completely absent. The membrane of the 

hn itself comprises numerous articulated dermal 
bony rays. In the Dipnoi the pelvic girdle exhibits 
^ peculiar development. It consists of an nn- 
stoiiey). paired, quadrangular plate of cartilage, which is 

. , produced forwards into a long process, and supports 

the cartilaginous axis of the biserial fin. 


While the pelvic fins of the PJlciSTfiohrawhiiy Ganoideiy and Dipnoi are alw’^avs 
situated near the hinder end of the abdominal cavity, they are often displacki 
wrwards in the Teleost ei^ h^comiiig even connected with the pectoral girdle. 
Through this forward displacement of the pelvic fins there arise striking 
modifications in the general aspect of the bony fishes, which arc of great 
importance as a means of classification. 


The fossil bones of fishes can generally be recognised with certainty by 
their external form. Their outer surface usually exhibits a characteristic 
aspect, on account of numerous small rugosities, open- 
ings of canals, and striations ; while tubular bones 
with a medullary cavity are here entirely wanting. 

I rom the histological point of view, the bones of many 
fishes are noteworthy for the absence or very sparse 
development of bone cells. 

Fossil ear bones or otoliths (Figs. 31, 32) are also 
sometimes found with the hard dermal structures and ' 

the skeleton. These do not consist of phosphate, 
but of carbonate of lime, and exhibit great variety in their shape, the 
sculpturing of their surface, and the nature of their borders. In those of 
^e Ganoidei (Fig. 31) growth begins at one angle, while in those of the 
Teleostei (Fig. 32) it begins at the centre. Their shape is more or less 
constant in each group of Teleostei, and in many cases they can be referred to 
definite genera. Numerous extinct species are known only by otoliths.^ 



Fio. 82. 


1 Otoliti fossili terziari delf Emilia. Biv. Ital. Paleoiit., vol. xii., p. 36 

i pcsei. Atti Soc. Nat. Modena, ser, 4, vol. xi., p. 39, 1909. — Frost, 

T ‘j- Tertiary of Atcheeu, N. Sumatra. Dienst v. d. Mijnbouw Nederl.-oost- 

Indie, Wetenscli. Meded., no. 2, 192.^. — Otoliths of Fishes from the Tertiary of New Zealand and 
1C ona. Zeal. Inst., vol. lix., p. 91, 1928.-— Papers ou otoliths of existing fishes in 

Ann. Mag. Nat. Hist., 1927. — Hennig, JS., Otolitben bei Palaemiiscus, Sitzb. Ges. naturf. 
Freunde, Berlin, 191.5, p. 52.— A’., tjTber Fisch- Otolitben. Zeitschr. Beutsch. Geol. Ges., 
iflo?’ »®^*" 7 N.eue^nt^uehungen an tertiaren Pisch-Otolithen, I., II. Loc, cit., 1888, p. 274 i 
1891, p. n^^MaXhn^O,, and Qriinv(dl, K. A. [Otoliths from Lias of Bornholm.] Medd. Dansk 
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Finally, there are cases in which the soft parts have been preserved. 
Fossilised muscle ^ is not uncommon. Remains of the ovary are sometimes 
seen in the lower Teleosiei {e,g, Thrissopater and Osmeroides), The structure of 
the kidney is clear in some specimens of the Devonian Elasmobranch, 
Cladoselaclie.'^ The alimentary tract is sometimes traceable by its food 
contents.^ 

Since the work of Aristotle, the cLassification of fishes has been based 
chiefly on the characters of the internal and external skeleton, on the nature 
and arrangement of the fins, and on the organs of respiration. Artedi, 
Bonaparte, Lac^pede, Cuvier, and Valenciennes distinguished the cartilagin- 
ous fishes from those provided with a bony skeleton, and again subdivided 
both sections in different ways into several groups. In this classification no 
reference was made to fossil fishes, although sharks’ teeth, for example, teeth 
of various bony fishes (the so-called bufonites, chelonites, toad-stones, and 
snakes’ eyes), and also complete skeletons from different localities [e.g, 
Eisleben, Solenhofen, Oeningen, Monte Bolca, and Glarus) were already 
known in the eighteenth century and numbers of them had been described. 
The epoch-making work of L. Agassiz (1833-1844) afibrded a complete survey 
of all the fossil fishes known at the time, and also established on scale 
characters a new subdivision of the fishes into four principal groups, namely, 
Placoidei^ Ganoidei, Cycloideij and CtenoideL Johannes Muller united the two 
latter groups under the denomination of Teleosiei (bony fishes), defined the 
Ganoids more precisely, and subdivided the cartilaginous fishes into four 
Sub-Classes, namely, Leptocardiiy Cyclosiomi^ SelacMiy and Dipnoi. The most 
important of the later changes in classification consist in the establishment 
of the Leptocardii (Amphioxus) as an independent Class equivalent to that of the 
fishes, and in the closer union of the ganoids and bony fishes, which are 
frequently grouped under the common denomination of Teleostomi. The Class 
of fishes thus comprises the five still existing Sub-Classes of Cyclostomi, Elasmo- 
branchiiy Dipnoi, Ganoidei, and Teleosiei; while to these must be added the 
extinct Sub-Classes of OstracMermi (or Osiracophori) and Arthrodira, which are 
restricted to the Palaeozoic. No fossil remains of Leptocardii are known. 

Geol. Foreii.,vol. iii., p. 295, 1909. — Posthumvs, 0., Oligoceeneen Mioceene Otolieten. Verhaiidl. 
Geol.-Mijn. Genootsch. Nederl. en Koloii., Geol. Ser., vol. vii., p. 105, 1923. — Priem, F,y Otolithes 
des poissons (W6nes du bassin parisien. Bull. Soc. Gt^ol. France [4], vol. vi., p. 265, 1906. — 
Otolithes de.s poissons fossilcs des terrains tertiaires .supcrieurs de France. Loc. cit., vol. xi., p. 45, 
1911. — Otolithes eocenes de France et d’Angleterre. Loc. cit., vol. xii., p. 246, 1912. — SchvheH, 
R. Die Fischotoliteii des dsterr. -ungar. Tertiars. Jahrb. Geol. Reich.sanst., vol. 51, p. 301, 
b902 ; vol. 55, p. 613, 1905 ; vol. 56, p. 673, 1906 ; vol. 65, p. 277, 1916 (Barion). -^Stolley, 
tiber niesozoische Flscliotoliten aus Norddeutschland. 3 Jaliresb. Niedersachs.'*Geol. Vereins zn 
Hannover, 1910, p. 246. Also loc. dt., 1912, p. 21. — Voigt, E., Fischotoliten in einem Senon- 
geschiebe. Zeitschr. f. Geschiebeforschung, vol. ii., p. 172, 1926. — Vorstman, A. O,, Tertiaire 
Vischotolieten van Java. Dienst v. d. Mijnbonw Nederl, -oost-Indie, Wetensch. Meded., no. 5, 
p. 1, 1927. 

^ Reis, 0. M., Die Petrificining der Muskulatur. Archiv f. mikroskop. Anatomie, vol. xli., 
p. 492, 1893. — Dean, B., The Preservation of Muscle-ftbres in Sharks of the Cleveland Shale. 
Amer. Geologist, vol. xxx., p. 273, 1902. 

® Dean, B., Studies on Fossil Fishes. Mem. Amer. Mus. Nat. Hist., vol. ix., p. 233, 1909. 

* Neuinayer, L., Vergleichend anatomist^he Untersuchungen iiber den Darmkanal fossiler 
Pische. Abhandl. Bay. Akad. Wiss., math.-phys. Kl., vol. xxix., p. 1, 1919. 
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Sub-Class 1. OSTRAGODEBMI.^ {Peltocephalata Patten.) 

Earl^ Palaeozoic fishes with persistent notochord^ and endoskeleton not usually 
calcified. With very primitive jaws and only pectoral paired fins ; wiflmit actino- 
trichia in median fins. Exoskeleton well developed^ the head and anterior portion of 
the trunk usually covered with plates, which are highly vascular in the middle layer, 
and always retain as a superficial layer the tubercles of dentine which are the sole 
covering of the more generalised forms. 

The Ostracoderms form one of the most characteristic groups of the early 
Palaeozoic fish fauna; but their true systematic position is still uncertain. 
Their remains were formerly compared vrith. the armour of reptiles such as 
tortoises, and also with crabs and water-beetles ; while more lately they have 
even been supposed to exhibit resemblances to Arachnids. They were first 
recognised as fishes by Agassiz, and referred by him to the Ganoidei. A study 
of the internal anatomy of the Cephalaspidae by E. A. Stensio confirms the 
opinion of E. J). Cope and A. S. Woodwartl that the Sub-Class is most nearly 
related to that of the Cyclostomi. 

The Ostracoderms include the oldest known fish remains from the 
Ordovician of North America, and range through the Silurian and Devonian 
in both Europe and North America. The three Orders of Anaspida, Ileferostraci, 
and Osteostraci arc definitely recognised, and a fourth Order, Antiarchi, probably 
belongs to them. The Anaspida are fusiforiii freely swimming fishes, the 
others have a depressed head and trunk and must have lived on the bottom. 
In the Anaspida the dermal tubercles on the head region are not much fused, 
and in the more primitive of the lleierostraci the whole body is covered with 
dermal tubercles like the shagreen of sharks. In the great majority of 
Ostracoderms, however, the head and anterior abdominal region are covered 
with symmetrically arranged dermal plates. The Heterostraci and Osteostraci 
were united by J. V. Rohon in a Sub-Class Protocephali. 

Order 1. ANASPIDA.^ 

Laterally compressed fusiform or elongate fusiform fishes, with the lobe of the 
body in the tail turned downwards (hypocercal). Exoskeleton of the head, when 
complete, consisting of numerous symmetrically arranged small plates or scales, which 
pass grad'ually into the squamafion of the trunk ; flank scales in regular transverse 
series and more or less deepened. Mouth nearly terminal. Orbits laterally placed; a 
single median narial opening above. Gill cavity opening by an oblique row of 6 to 
1 5 perforations on each side at the back of the head. 

^ ijfaskell, W. H., The Origin of Vertebrates. London, 1908. — Kiter, */., Structure of the Mouth 
of the Oldest Known Vertebrates, l*teraspids and Cephalaspids. Palaeobiologica, vol. i., p. 117, 
1928. — Patten, W., Tlie Evolution of the Vertebrates and their Kin. Philadelphia, 1912. — 
Stensid, E. A., The Dowutonian and Devonian Vertebrates of Spitsbergen. Skrifter om Svalbard 
«g Nordishavet, no. 12; Norsk. Videiisk. Akad. Oslo, 1927“:^. — StTmwr, £., Bemerkungen 
Uber die altesten bekaiiiiten Wirbeltierreste. Sitzb. Bay. Akad. Wias., math. -natiirw. Abt:, 1920, 
p. 9.— Weitere Bemt‘rknugen. Loc. cit,, 1926, p. 83; 1930, p. \Q1. — Woodward, A. S., Presb 
dential Address, Proe. Linn. Soc., London, Sess. 132, 1920. 

2 Bulman, 0. M. IS., General Morphology of the Anaspid, Lasanivs Traquair. 'Ann. Mag. Nat. 
Hist. [10], vol. vi., p. 054, 1930. — Kittr, J., The Downtonian Fauna of Norway. I. Anaspida. Viden- 
skapsselsk. Skrift., Mat.-naturv. Kl., 1924, no. 6. Oslo, l92i.--Stetiion, II. 0., Zasanim, Joum. 
Geol., vol. XXXV., p. 247, 1927. — Bvrkenia. Ij}c.cU., vol. xxxvi., p. 458, 1928. — Traquair, R. H,, 
Fossil Fishes, Silurian S. Scotland. Trans. Boy. Soc. Edinb,, vol. xxxix., no. 82, 1899; voL xL, 
no. 33, 1905. — Woodward, A, S., Euphamrops. Ann, Mag. Nat. Hist. [7], vol. v., p. 418, 1900. 
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All small, from 2 to 20 cm. in length. The microscopical structure of the 
exoskeleton is unknown. 

As pointed out by Stensid, the larva of the existing Petrcmyzon has a 
hypocercal tail. 


Family 1. Birkeniidae. 

Mow of flank scales at dorsal and ventral borders of abdominal region inclined 
downwards and forwards^ all others regularly inclined downwards and backwards. 
A dorsal median row of enlarged scutes. External ornament tubercular, A fair of 
pectoral spines fixed to a pair of post-branchial plates. One small anal fin. Upper 
Silurian. 

Birkenia Traq. (Fig. 33). Dorsal scutes in abdominal region depressed, in 
caudal region raised to a pointed apex. B. elegans Traq. Downtonian ; 



Fio. 33. 

Jiirkenia dcijans Traq. IteBtoreil outline in side view, nearly nal. size. 

Downtonian ; LanarkKlure (after Traquair). 

Lanarkshire and Ayrshire. Another species in Downtonian ; Ledbury, 
Hereford. 

? Ctempleuron G. F. Matthew. Clinton Group ; Westfield, New Brunswick, 
Family 2. Pterolepidae. 

A double row of flank scales at dorsal border in both abdominal atul caudal 
regions, and one or more rows of flank scales at ventral border of abdominal region, 
inclined downwards and forwards ; all other flank scales regularly inclined domiwards 
and backwards. A dorsal median row of enlarged scutes, and one median enlarged 
scute in front of anus. A pair of pectoral spines immovably fixed to a pair of 
deepened post-branchial plates. An anal fin. Upper Silurian. 

Pterolepis Kiser (Figs, 34, 36a). Scales on middle of cheek forming 
angulated pattern. Anal fin short, with long spine. P. nitidus Kiacr. 
Downtonian; Ringerike, S. Norway. 



Flo. 84. 


l^UfoUpia nitidua Kieer. Bestomtfon, side view, nearly nat. size. Downtonian S. Norway (after Kiier). 

Bhyneholepis Kiaer (Fig, 36c). Anal fin long, with short spine. B. parvulus 
Kiser Downtonian ; Ringerike. 

Pharyngolepis Kiser (Figs. 35, 3^b). Scales on middle of cheek very small 
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and irregular. Anal fin short, with long spine. P. ohlongus Kiaer. Downtonian ; 
Ringerike. 



FICJ. 85. 

J’haryngoh'pis ohlonguK Kiivr. KeRtoration, side view, nearly nat. size. Downtonian ; 8. Norway 

(after Kia‘r). 




b 

Fig. 36. 



Armour of cranial roof of Pteroleph (a), Pharyngolepis {It), and iihyncholepis (c). Downtonian ; S. Norway 
(after Kiatr). Showing orbits, pineal plate with pineal opening, and median narinl opening. 


Family 3. Ijasaniidae. 

Head naked. Flank sqmmation rudimentary or absent . A dorsal median 

row of enlarged scutes. Upper Silurian. 

This family is referred by Stromer to a separate Sub-Order Oligocnerruita^ 
while the scaly families of Anaspida are grouped in the Sub-Order Barycnemata, 
Lasanius Traq. (Fig. 37). Trunk naked, except immediately behind the 



JAsomius prohlernaticii^ TrtLq. Restored outline, nearly nat. size. Downtonian: Lanarkshire 

(after Traquair). 

head, where a row of minute triangular scutes fringe the branchial openings, 
and these are followed by about eight pairs of postcephalic rods of uncertain 
nature. Dorsal scutes all spinous. L, problematicus Traq. Downtonian ; 
Lanarkshire and Ayrshire. 
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Family 4. Euphaneropsidae. 

Head CAwered with small iuhmles, hut eyes defined by hard rims. Flank scales 
regularly inclined downwards and backwards. A small anal fin. Upper Devonian. 

Euphanerops A. S. Woodw. E. longaevus Wooclw., the type species, about 
10 cm, in length, displays traces of the axial skeleton of the trunk. Upper 
Devonian ; Scaumenac Bay, P.Q., Canada. 

Order 2. HBTEROSTRACI. {Aspidorhini Rohon.) 

Head and trunk relatively large and depressed. Ewskeleton consisting of 
shagreen^ plates, or scales, without bone cells; each fully formed plate comprising 
three superimposed layers — an inner “ nacreous ” layer usually of lamellae, a relatively 
thick middle zone with numerous vacuities, and an outer hard layer of dentine. 
Dorsal shield, when present, of few pieces, ami orbits wide apart, laterally placed. 
Narial opening {or openings) ventrally placed. A single pair of gill openings. 

Family 1. Ooelolepidae.’ 

Head and trunk completely covered with jdacoid scales or tubercles 'of dentine 
scarcely if at all fused into groupts ; the small, slender caudal region sharply 
constricted from the head region a 

and distinctly heterocercal {perhaps 
hypocercal). Upper Silurian and 
Lower Devonian, also American 
Ordovician. 

The dermal tubercles of 
genera of this family have long 
been knowm from the Upper 
Silurian of England and the 
Isle of Oesel in the Baltic Sea; 
but until the discovery of complete 
fishes in the Upper Silurian of 
Lanarkshire, they were commonly 
supposed to belong to sharks. 

Fio. 38. 

Thelodtu parvidens Ag. Dermal 
tuberclee, nat. size (above) and en- 
larged, showing the base with an A, Jjinarkia spinosa Traquair. B, Thelodus scoHcwt Tra- 

opening into the pulp cavity. Upper quair. Dowiitouian ; Ijanarkshire (after Traquair). About 

Silurian (Ludlow Bone-bed) ; Ludlow. half nat. size. 

The latter discovery is considered by Traquair to indicate some close relation- 
ship between the Ostracoderms and the primitive Elasmobranchii, 

^ Hoppe, K. Jf., Coelolepiden, etc., Insel. Oesel. Palaeontogr., vol. Ixxvi., p. 36, 1931. — 
Rohon, J. V., Die obersiluriscben Fische vou Oesel. II. Mem. Acaxl. Imp. Sci. St.-P6tersb., 
ser. 7, vol. xli., no. 5, 1893. — Stetsmi, H. C., New American Thelodus. Amer. Jouru. Sci., vol. 
xvi., p. 221, 1928. — Morphology of the Heterostraci. ^Tourn. Geol., vol. xxxix., p. 141, 1931. — 
Traqtmir, R. H., Fossil Fishes, Silurian S. Scotland. Trans. Roy. Soc. Edinb., vol. xxxix., 
no. 32, 1899 ; vol, xl., no. 33, 1906.— r/wjZodws loc. ciU vol. xxxix.,, no. 21, 1899. 
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ThelodusAg. (Coelolepisy Pachi/lepis, TMolepis, Nostolepis Pander; Cephaloptenis 
Powrie ; Turmia Traq.) (Figs. 38, 39^?), Dermal tubercles small, quadrangular, 
oval, or round, and nearly uniform ; the flattened outer portion slightly 
constricted from the large base, which is often pierced on the inner face by 
an opening into the pulp cavity. A small dorsal (?anal) fin near base of 
heterocercal (?hypocorcal) tail. No enlarged ridge scales. 2\ panmlens Ag. ; 
detached tubercles in Ludlow Bone-bed and Oesel Limestone. T, scoticus 
Traq. ; complete skeletons, some showing the eyes as dark stains, in Upper 
Ludlow and Downtoriiaii, Lanarkshire and Ayrshire. 'P. pagei Powrie sp. ; 
complete skeleton, about 30 cm. in length, showing eight paired impressions 
probably of gill arches, from Lower Old Red Sandstone, Turiji Hill, Forfar- 
shire. 2\ macintosM Stetson, from Upper Silurian, Nerepis, New Brunswick. 

? T. iulensis Rohon, Upper Devonian, Malewka, Toula, Russia. An undeter- 
mined species in the Ordovician of Canon City, Colorado, U.S.A. ; also in the 
Lower Old Red Sandstone, Ledbury, Hereford. 

Ijanarkia Traq. (Fig. 39 A), Dermal tubercles are small, pointed, hollow 
spines, not of uniform size. A. spinosa Traq., and other species represented by 
skeletons in the Upper Silurian (Downtonian) of Lanarkshire and Ayrshire. 

Family 2. Pteraspidae.^ 

Jhad ivith large rosirwiiiy prohahly supported hg ethmoid cartilage. Dermal 
armmr of head and trank completely f used into large symmetrically arranged plates. 
Ventral shield simple. External layer of each dermal plate foi'ming an ornament 
of very finCy concentric, closely arranged ridges, usually parallel with the outer 
marginy rarely subdivided into tubercles; middle layer with large polygonal cancellae. 
Dermal sense organs well developedy arranged in canals traversing the middle layer 
of the shield and opening by a double series of pores externally. Tail presumably 
heterocercal, ami s(‘(iles of caudal region, when pi'eserved, numerous and rhomboidal. 
Upper Silurian and Lower Devonian. 

The genera of this family are distinguished according to the complexity 
of the dorsal shield. The simple ventral shield, similar in each form, was 
originally mistaken for dorsal armour, and named Scaphaspis by Lankester. 

Pteraspis Kner (Palacoteuthis, Archaeoteuthis F. Roemer ; Rhinopteraspis 
Jaekel) (Figs. 40-42). Dorsal shield arrowhead-shaped, consisting of nine 
separately calcified plates — a large central disc ; a triangular rostral plate in 
front ; a median spine behind ; a pair of orbital plates, completely enclosing 
the orbit on either side, and partially inserted between the rostrum and 

^ Alth, A. von, tjber Pteraspis, CyathaspU, uiid Scaphaspis. Beitr. Paliiont. Osteir.- 
Ungarns, vol. ii., 1886. — Bryant, W. L., Structure of Palacaspis. Proc. Amer. Phil. Soc., vol. 
Ixv., p. 256, 1926. — Drevermann, F., uher Pterasjns dunensis. Zeitschr. Deutsch. Geol. Ges., 
vol. Ivi., p, 275, 1904. — Huxley, T. //., On Gephataspis and Pteraspis. Quart. Journ. Geol. Soc., 
vols. xii., xiv., xvii., 1856, 1858, 1861. — Kiar, J., Gie^vaspis. Skrifter om Svalbanl og ishavet, 
no. 33, 1930. — Kner, Ii., Uber Gephalaspis Iloydii und lewisii. HaidingeFs Naturw. Abhandl., 
vol. i., 1847. — Knnth, A., liber Pteraspis. Zleitsclir. Deutsch. Geol. Ges,, vol. xxiv., 1872. — 
Lankester, E. Ray, and Poiorie, J., A Monograph of the Pishes of the Old Red Sandstone, 
I. Cephalaspidae. Mon. Palaeont. Soc., 1868. — Leriche, M., Pteraspis de lieviu. Aim. Soc. 
G6ol. Nord, vol. xxxii., p. 161, 1903. — Les Pteraspis du D^'vonien de la Belgique. Bull. Soc. 
Beige Geol., etc., vol. xxxiii., p. 143, 1923. — Pteraspis^ dunensis. Bull. Soc. Beige Q^ol,, etc., 
vol. xxxiv., p. 75 1924 ; vol. xxxv., p. 19, 1925. — Li’ndstrbm, Q., Oyathaspis from Gotland. K. 
Svensk. Vet.-Akad,. Handl. Bihang, vol. xxi., sect. 4, no. 8, 1^5.-— Homer, Ferd., Blier Pedaeo^ 
teuthis dunensis. Palaeontogr., vol. iv., p. 72, 1855. — Siensio, Sensory Canals of Pteraspis 

and PaZamspis, Arkiv f. Zoologi, vol. 18a, no. 19, 1926. — Tmquair, R. Jf., Fossil Pishes, 
Silurian S. Scotland. Trans. Roy. Soc. Edinb., vol. xxxix., no. 82 1899. 



SUB-CLASS I 


OSTRACODERMI 


27 


central disc ; a pair of lateral branchial plates, each pierced by a large branchial 
foramen ; and a pair of cornua. In one species Kiser has found a pair of small 



Fid. 40 . 


vl, JS, Ptvrnupis rostrata A«. sp. Lower Old lied San<lHl.one (Cornstones) ; Herefordshire. A, dorsal 
shield, 1/2 restored. B, ventral shield (SrafthfLyds Uoydi Ag. sp.), ‘-i/3 nat. size (after Ray Lankester). 

6', dorsal and ventral shields of I'teraspis, lateral asjxict, nistored from a specimen found in Galicia (utter 
Alth). 

lateral plates bounding the sides of the anterior end of the ventral plate. A 
pineal pit occurs on the inner face of the shield between the orbits. A row 
of small antero-posteriorly elongated oral plates bounds the lower jaw, 



Fio. 41. 


Ptercapia roatrata Ag. sp. Piece 

of shield, much inagniflra. a, upper, rieraspis rostrata Ag. sp. Vertical section of head 

2), middle, and c, lower layer (after shield parallel with a longitudinal rib, highly mag- 

Ray Lankester). ni6ed (after Ray Lankester). 


and on the inner side of the oral end of each is fixed a toothplate which bears 
a cluster of minute pointed teeth. The upper jaw is bounded by a single 
plate, which bears clusters of minute pointed teeth opposed to those of the 
lower jaw. P. rostrata Ag. sp. (Fig. 40), from the Lower Old Red Sandstone 
of England. P, cornubica M^Coy sp., fragments from Lower Devonian of 
Cornwall. P. (Bhinopteraspis) dunensis Eoemer sp,, from the Lower Devonian 
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of Rhenish Prussia, Westphalia, and Belgium. Other species from Scotland, 
N. France, Belgium, Rhenish Prussia, Galicia, and Nova Scotia ; also from 
the Upper Silurian of Galicia, and from the Downtonian and Lower Devonian 
of Spitzbergen. 

Palaeaspis Claypole (Ilolaspis Lank, nec Gray ; Foraspis Kijer). Dorsal 
shield apparently simple, without jwsterior spine ; orbits merely forming 
notches. 1\ americana Clay., from Upper Silurian (Onondaga Group), Pennsyl- 
vania. P. (Poraspis) sericea Lank, sp., from Lower Ohl Red Sandstone, Mon- 
mouthshire. Other species fi om Downtonian, Spitzbergen. 

Cf/athaspis Lank. {Diplaspis G. F. Mattliew ; Arch€(fonaspis, Anglaspis Jaekel) 
(Fig. 43). Dorsal shield consisting of a large central disc ; two long and 
slender lateral cornua, which are notched anteriorly by the orbits and pierced 
further back by the supposed branchial foramen ; and a short and broad rostral 
plate. Inner surface of shield showing impressions of the pineal gland, two 
semicircular canals of ear, and branchial chambers. C. banksi Huxley and 
Salter sp., from Upper Silurian (Ludlow Bone bed and Downtonian) of 
Herefordshire. 0. schmidti Geinitz, from Wenlock Limestone of Isle of Gotland. 
Other species from corresponding formations in Germany (Fig. 43), Galicia, 
New York, and New Brunswick, from the Lower Old Red Sandstone of 
England and Scotland, and from the Lower Devonian of Pas-de-Calais, France. 
The so-called Scaphaspis ludensis Salter sp., from Lower Ludlow, Leintwardine, 
probably belongs to this genus. 

Tolypelepis Pander {Toli/paapU F. Schmidt). Dorsal shield as in Palaeaspis, but 
with coarse ridge ornament segregating into numerous little groups on the disc. 

T, undulatus Pand., from U. Silurian, Isle of Oesel, and Downtonian, Shropshire. 

Ctenaspis Kiaer. Dorsal shield as in Palaeaspis, but rostral region shorter, 
coarse ornament subdivided into tubercles, and lateral edges denticulated. 
C, dentata Kiaer, shield 27 mm. long. Downtonian ; Spitzbergen. 

Cardipeltis, Glossoidasjns Branson and Mehl. Jefferson Formation; Utah, 

U. S.A. 

? Kallostrahon Lankester, L. Old Red Sandstone ; Ledbury, Herefordshire. 

Family 3. Drepanaspidae.^ 

Head with small rostrum. Dermal armour of head arid trunk more or less 
completely fused into large symmetrically arranged plates. External layer of each 
dermal plate forming a tubercular ornanunt or well-spaced concentric ridges. Middle 
layer denser than in Pteraspidae, the open tissue not being regularly cancellated. 
Dermal sense organs not penetrating the tissue of the armour. Devonian. 

Drepanaspis Schliiter (Fig. 44). External ornament of tubercles. Dorsal 
armour of two median plates, surrounded in front and along the whole length 

^ Gross, W., Die Fische des mittleren Old Red Siid-Livlands. Geol. u. Palaeont. Abhaiull., 
ii.f., vol. xviii., p. 123, 1930. — Kiser^^J., Upper Devonian Fish Remains from Ellesmere Land* 
Rep. 2nd Norwegian Arctic Exped., ^*Fram,’* 1898-1902, no. 33, \nh.‘-Prtohrajtnsky, J. A., 
Psammosteus. Sitzb. Naturf. Ge-s. Univ. Jurjew (Dorpat), vol. xix., p. 34, 1911.— J. V., 
Anatomic nnd Histologie der Psainmosteiden. Sitzb. k. bdhm. Ges, Wiss. , matb.-naturw. Cl., 
1901, p. 1. — RuSiifka, R., Psammositus {Ganostevs) perneri n. sp. VSstuik Stdt. geolog. listavu 
Ceskoslov. Repiib., vol. v., pt. 2-3, 1929. — Traquair, R. //., Lower Devonian Fishes of Geniiinden. 
Trans. Roy. Soc. Edinb., vol. xl., no. 30, 1903 ; vol. xli., no. 20, 1906. Also Geol. Mag., 1900, 
p. 163; 1902, p. 289. — Woodward, A. S., Psammosteus taylori. Ann. Mag. Nat. Rist. [8], 
vol. viii., p. 649, 1911. Also Proc. Linn. Soc. Lond., 132nd Sess., p. 80, l^n.—Phyllolepis 
concentrica. Rep. Brit. Assot^., Australia, 1914, p. 122, 1915. Also Proc. Linn. Soc. I^nd., 
132nd Sess., p. 31, 1921. See also Heintz, A., Skrifter om Svalbard, no. 42, 1982. 
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of the sides with smaller plates, of which one anterolateral pair is pierced by 



Fifi. 43. 

Cyatha.-^pls {Arrhetiimaaph) integer 
Kunth. I inpreHsioii of inner face of 
<iorsal siiield, one-half iiat. size. 
Upper Silurian (boulder); Erkner, 
near Berlin (after .laekel). A, orbit ; 
/'//), pineal pit, with V-«baped im- 
pressions of semicircular canals be- 
hind ; paired lateral impressions of 
branchial chambers. 



Fio. 44. 

Dre parittfipis gemuendenenttis 
S<!hluter. Restoration of dorsal 
aspect, Va chiefly by Tra- 

quair. Lower Devonian ; Gerniinden, 
Hnnsruck. 


the orbits and two posterolateral pairs bound the branchial openings ; ventral 
armour of a single largo median plate behind, with smaller plates in front and 
on the sides. Tail laterally compressed, covered 
with rhombic scales which are deepened on the 
Hank, and with largo fulcra dorsally and ventrally ; 
slightly hypocercal. T). (jemnendeneiisis Schllit., 
from Lower Devonian, Gemiinden, Hunsriick, 

Rhenish Prussia. 

Psanimosteus Ag. {Placosteus^ Fsaimnolepis Ag. ; 

Megalaspis Traq.). External ornament of very 
closely arranged, rounded or elongated tubercles 
which arc usually crimped round the margin. 

One large ovoid median plate forming the greater 
part of the dorsal armour, a smaller ovoid median 
plate forming the greater part of the ventral 
armour, with smaller and thinner plates round 
the anterior and lateral borders ; the lateral plates 
not extending so far back as the median plates 
and ending on each side in a solid pointed cornu 
directed backwards. Orbits unknown. Large 
ridge scutes on the tail. P, maeandrinus Ag., and 
P. paradoxus Ag., from Upper Devonian, Latvia. 

P. taylori Traq., from Upper Old Red Sandstone, 

Elgin. P. arcMcus Kiser, from Upper Devonian, Ellesmere Land. Other 



Fio. 46. 

Pkyllolepis coneentrica Ag. Doroal 
aspect, Vs nat. size. XJppcr Old Red 
Sandstone ; Dura Den, Pifeshire (after 
A. 8. Woodward). 
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species from the Lower Old Ked Sandstone of west of England and Nova Scotia, 
from Middle Devonian of Bohemia, and frem Upper Devonian, Spitzbergen. 

PycnosieuSy Dyptyehosteus Preobrajensky ; Ganosteus Eohon. Upper De- 
vonian ; Latvia. 

Phyllolepis Ag. [Pentagonolepis Lohest) (Fig. 45). External ornament of 
concentric ridges. Dorsal armour of two median plates, surrounded in front 
and along about half of each side with a series of smaller plates which ends in 
a pair of solid cornua pointed backwards ; a single (perhaps paired) large 
ventral plate in hinder portion. Tail without scales, but arches of vertebral 
axis calcified. P. concentrica Ag., Upper Old Ked Sandstone ; Scotland. 
Other species in Upper Devonian of Belgium, East Greenland, Timan (N. 
Russia), and New York State, U.S.A. Fragments of Phyllolepid plates in 
Upper Devonian, Victoria and New South Wales, Australia. 

Order 3. OSTBOSTRACI. (Aspidocephnli Kohon). 

Head relatively large and depressed. Dermal tnhercles of head fused into small 
polygonal plates^ with a vascular basal layer containing hone cells; these again usually 
fused together with an inner laminated layer containing spindle-shaped hoiu cells. 
Orbits close together; a single median dorsal narial opening. Gill cavity opening by 
a row of perforations on lower surf are. 

Family 1. Ateleaspidae. 

Head shield rounded or tapering in front y abruptly truncated hehindy consisting 
of loose plates. Body covered with quadrangular scales which are deepened on the 
flank. Tail heterocercal. Upper Silurian, perhaps also Ordovician. 

Ateleaspis Traquair. Head plates finely tuberculated, scales rugose. A 
single dorsal fin. A. tessellata Traq., from the Upper Silurian (Downtonian) 
of Ayrshire and Lanarkshire. 

Astraspis Walcott^ may belong to a distinct family. Coarsely tuberculated 
plates of very open texture, without any inner laminated layer. A. desiderata 
Walcott, from Ordovician (Trenton) of Harding Quarry, near Canon City, 
Colorado, U.S.A. Nearly similar plates from corresponding formations in the 
Bighorn Mts., Wyoming, and the Black Hills, South Dakota. 

Family 2. Oephalaspidae.2 

Head shield rigidy rounded or tapering in front, abruptly truncated behind, and 
the posterior lateral angles often produced into cornua ; interorbital piece firmly fixed ; 
an ornament of rounded or stellate tubercles. Dermal sense organs rarely leaving 
impressions on the exoskeleton. Body covered with quadrangular scales, which are 
deepened on the flank. Tail heterocercal. Upper Silurian to Upper Devonian. 

^ Eastman, C. It., Proc. U.S. Nat. Mus., vol. 52, p. 237» 1917. — Walcott, 0. Z). , Bull. Geol. 
Soc. America, vol. iii., p. 166, 1892. 

2 I/uxle^, T. }!,, Oil Cephalaspis and Pteraspis. Quart. Journ. Geol. Soc., vols. xii., xiv., . 
xvii., 1866, 1858, 1861. — Lankester, K. R„ The Cephalaspidae. Moiiogr. Palaeout. Soc., 1867-69, — 
Patten, W., Structure of Pteraspidae and, Cephalaspidae. Amer. Naturalist, vol. xxxvii., p. 827, 
1903. — Rohon, J. V., Die obersilurischeiiVische von Osel. 1. Mtim. Acad. Imp, Sci. St.-Petersh., 
ser. 7, vol. xxxviii,, no. 13, 1892 ; also Bull. Acad. Imp., Melanges gi^ol. et pal4ont, vol. i., 
p. 223, 1896. — Schmidt, Friedr., Verhandl. K. Russ. Mineral. Ges., 1873 and 1886; and Bull, 
Acad. Imp. Sci. St.-Petersb., Melanges g6ol. et paKmt., vol. i., p. 208, 1894.—- E. A., The 
Downtonian and Devonian Vertebrates of Spitzbergen. Part I. Family Cephalaspidae. Skrifter 
om Svalbard og Nordiahavet, no. 12 ; Norsk. Vidensk. Akad. Oslo, 1927. 
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A large collection of well-preserved head shields of Cephalaspidae from the 



46. 

•Diiijiram of tho head Khield of Vephcdax-pin from above (.4) and below (ii), after Steiisid. 



Upper Silurian (Downtonian) and Lower Devonian of Spitzbergen has been 
studied in great detail by E. A. Stensid. By skilful preparation of the 




Longitudinal (A) and transverse (B) sections of the head shield oT Cephalaspis, after Stensid. a. eff. com, 
space for common ett'erent branchial artery ; a. marg, canal for marginal artery ; aort, aorta canal ; aort, gr^ 
aortal groove ; c. item, post, posterior semicircular canal ; eh, notochord ; cp, brain cavity ; dpr, roof of mouth 
cavity ; des, canal for nerve to supposed dorsal electric Held ; dsf, supposed dorsal electric fteld ; Uft supposed 
lateral electric field; m, mouth opening ; nai+noei narial opening and opening of hypophysial sac ; obr. ch, 
gill and nioutli cavity ; oee, oesophagus ; p. brw, post*branchial wall ; pin, pineal foramen ; pr. au, auditory 
prominence ; r. aort, aortal ridge ; set, one of the nerve canals to the supposed lateral electric field ; tr, 
position of the trunens arteriosus ; v. cl, canal for the vena capitis lateralis ; v. marg, canal for the marginal 
vein ; vest, veatibular division of the labyrinth cavity. 

specimens, he has been able to determine not only the arrangement of the 
several cavities in the skeleton of the head, but also the shape of the brain 
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and auditory organs and the disposition of the nerves and blood vessels (Figs. 
48, 49). All the cavities and canals are lined with a perichondrial layer of 
bone, and the endoskeletal parts generally are more ossified in the Upper 
Silurian than in the Devonian species. The cartilage of the endoskeleton 
may have been miicocartilage like that of the larva of the existing lamprey 
Petromyzon ; and, as pointed out by W. H. Gaskell, the shape of the head 
shield in the typical Cephalaspis (Fig. 46) is curiously similar to that of the 
mucocartilage in the head of the larva just mentioned. 

As shown by vertical sections of the head shield (Fig. 47, yl, P)y the brain 
cavity (cv) is comparatively small immediately beneath the ridge of the roof, 



Fio. 4.S. 

Diagram of the head shield and cranium of Ceplialaspis from below, the nnshad«‘d area in crosS'Section, 
after Stensid. a.car, pair of o])enings of carotid arteries ; grooves lor (dferent branchial arteries 1-3 ; 

a.ro8trt groove for rostral artery; aort.ijr^ aojt.al groove; r..f)ost, canal for posterior encephalic artery; rfr, 
groove for notochord ; cv, hinder end of brain cavity ; dpr, roof of moutli cavity ; f.an, subnasa^ossa ; 
ridges between gill cavities; nv^, 2 * openings of spinal nerves; orh.oi.tjr, groove between “orbrtin and auditory 
prominences; p.hru?, post-branchial wall in section; p.sft, endoskeletal pectoral arch in section; pr.au, 
auditory prominence ; pr.orft, orbital prominence; pr.selo, ridge caused by canal occmpied by the “sixth 
electric nerve” ; r.aort, aortal ridge ; v.cl, hinder opening of canal for vena capitis lateralis ; openings 
of canals for cranial nerves. 

and the cavities for the auditory organs are relatively large (vesf). The brain 
must have been shaped much like that of Peiromyzon^ and the auditory organ 
also agrees with that of Petromyzon in having only two semicircular canals. 
The roof of the branchial chamber (Fig. 48) is marked by transverse ridges 
between the gills, and the shape of the cavities suggests that the gills were 
sac-like as in CyclostomL Large nerves (Fig. 49) spread outwards to the 
lateral vacuities above the branchial chambers, and also to the median post- 
orbital valley, and these are supposed by Stensio to indicate the presence of 
electric organs in those areas. The hinder margin of the shield, with the 
cornua, is regarded by Stensio (Fig. 46) as the pectoral arch, and the flexible 
appendages sometimes observed within the cornua are thus interpreted as 
pectoral fins. 

Cephalaspis Ag. {Eucephalaspis, Hemicychispis, Zenaspis 11. Lank.) (Figs. 
50, 51). The polygonal plates of the head shield are fused into a rigid armour 
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except in the roof of a pair of elongated lateral chambers (presumably 
branchial), in the postorbital valley, in a pair of postero-lateral appendages 



just within the cornua (Fig. 51), and on the ventral surface behind the mouth 
(Fig. 50). A median nai'ial opening in front of the eyes, and a pineal pit on 
the inner face of the interorbital plate. A thick plate beneath the loose 
polygonal plates of the postorbital valley. Body triangular in transverse 
VOL* n B 
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section, the flanks covered with three longitudinal series of deepened scales, 
the middle series deepest. Ventral scales small. Cloacal opening a transverse 
slit far back. A single dorsal fin, triangular, at the base of the heterocercal 
tail ; membrane of dorsal and anal fins stiflbiied with very small calcifications 


m 

I 



Fig. T/O. 

Oephalaspis sp. Diagram of ventral a.simct of head sliield, by Btensib. Kill openings ; m, mouth ; 

ps, pectoral sinus 


which are arranged in parallel rows simulating rays. C, lyelli Ag. (Fig. 51), 
from Lower Old Red Sandstone of Scotland, west of England, and Pas-de- 
Calais, France. C. magnifica Traq., the largest known species, with shield 
measuring 22 cm. across, from Caithness Flagstones. Other species from 



PlO, 51. 

CephalaspU lyelH Ag. I^ower Old Red Sandstone ; Arbroath, Scotland. 1/2 nat. size (after Ray Lankester). 

Upper Silurian and Lower Devonian of Scotland, England, Norway, Spitz 
bergen, and Canada. One species (C. laticeps Traq.) from Upper Devonian, 
Scaumenac Bay, Canada. 

Aceraspis Kia^r, As Oephalaspis, but with two dorsal fins. Skin beneath 
head and front of body covered by small Thelodus-WV^ scales. A. rohustm 
Kiser, from Downtonian, Ringerike, S. Norway. 


SUB-CLASS I 


OSTRACODERMI 


35 


* Micraspis Kioer. Also with two dorsal fins. Skin beneath head covered 
with rather large and irregular polygonal plates ; a row of antero-posteriorly 



Fir.. 52. 

Horetixpls ro 8 t 7 ‘at<i Outline of hoa<l dorsal and vontral asprrtH, about 3 tiinrs nat. size. 

Lower Devonian ; Spitzbergen (after Stensio). 



Flo. 68. 

Kimraspis aucMnuMpidoUles Stenslii. Restoration of head shield, upper (A), lower (BX iRteral (C) 
aspects, with cross-section of trunk (V), about 3 times nat. size. Downtonian ; Spitzbergen (alter StensRi). 


elongated plates bordering lower jaw. M, gracilis Kiser, from Downtonian, 
Ringerike, S. Norway. 

Benneviaspis Stensid. Cornua directed laterally as well as posteriorly, not 
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extending backwards beyond hinder edge of head shield. B. IwltedaUli St., 
from Down ton ian, Spitzbergen. i>. hmkesteri St., from Corn stones (Lower 
Devonian), near Malvern, England. 

Hoeldspis Sleiisio. Head shield short and cornua directed straight laterally. 
H. angulata St. Downtonian ; Spitzbergen. 

Boreaspis Stensid (Fig. 52). Very long slender rostrum. B. rosirala St., 
with head shield only 1-5 cm. long. Lower Devonian ; Spitzbergen. 

Kiceraspis Stensid (Figs. 49, 53). Head shield long and narrow, cornua 
small. Downtonian ; Spitzbergen. 

Eukeraspis Lank. Head shield as in Cephalaspis^ but posterior cornua 
excessively elongated, and the flexible roof of the branchial chambers crossed 
by a few rigid bars. E, pustulifcra Ag. sp., from Upj)ei- Silurian, Herefordshire. 

Thyestes Eichw. (Anchenaspis Egerton). Head shield as in i'ephalaspis, but 
three or four series of dorsolateral scales fused into a continuous plate 
immediately behind it. Body depressed, ovoid in transverse section. Knowm 
species very small. T. varucoms Eichw., from Upper Silurian, Isle of Oesel. 
So called Auchenaspis from Upper Silurian and Downtonian of Herefordshire. 
Unknown elsewhere. 


Family 3. Tremataspidae.^ 

Ilmd shield rounded or tapering in front ^ rigid, fused with the dorsal body shield, 
which is truncated hehind : interorhital piece, not fixed. A single ventral plate 
opposed to the dorsid body shield. Dermal sense organs forming a discontinuous 
groove in the annonr. Upper Silurian and Lower Devonian. 

Tremataspis Schmidt (Fig. 54). External surface covered with punctate 
ganoine, the punctations often arranged in reticulating lines; su])erficial 

A i: 



Fio. 54. 

Tremaidftpis schmidti Rohon. Hoad sliitdd, lower (^4), upiMjr (/?), and lateral (C) aspectB, nearly natiual size. 
Upper Silurian ; Isle of Oesel (alter Patten). 

tuberculations almost or entirely absent. Two pairs of large openings 
laterally placed in the anterior half of the dorsal shield seem to give 
flexibility to the roof of the branchial chamber. A pair of perforations 
apparently for the aqueductus vestibuli of the ear of each side. Ventral 

’ Jaekd, 0., Tremataspis uiid Pattens AbleituugderWirbeltiere. Zeitacl>B. 4^ < t ti i c!h. Geol. Ges., 
1903, Protok,, p. 84. — Patten^ W., Structure and Classification of the Trematkspuiac. Mem. 
Acad. Imp. Sci. St.-Petersb., ser. 8, vol. xiii., no. 5, 1903 ; also Anier. Naturalist, vol. xxxvi., 
p. 379, 1902. — Wi^mn, G., Gehirn u. Sinnesorgane bei Tremataspis. Bull. Geol. Inst. Upsala, 
vol. xvi., p. 86, 1918 (criticised by Stensiii, K, A,, Skrifter oin Svalbard, etc., no. 12, p. 303, 1927). 
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aspect immediately behind the position of the mouth covered with a number 
of symmetrically arranged polygonal plates, between which and the great 
ventral plate of the trunk is a transverse series of nine small branchial 
openings on each side. Tail covered with rhombic and polygonal scales, 
which have been named Dasylepis, Dirty olepis, Melitiomalepis^ and Stigmolepis 
by Pander. 1\ schrenki Pander sp., schmidti Rohon (Fig. 54), and other 
species in the Upper Silurian, Isle of Ocsel, Baltic Sea. 

Didyniaspis Lankester. D, griridrodi Lank., from Lower Old Red Sand- 
stone, Ledbury, Herefordshire. 

Order 4. ANTIARCHI. 

Dennal avDiour co)isisting of several syiiirnefrically arranged, overlapping, large 
plates on the head and abdominal region, Exoshdeton with hone cells, and invested 
with a more or less continuous layer of gamine. Dermal sense organs occupying 
open grooves on the exosheleton. Jfead relatively small and articulaied with the 
trunk. Orbits close together. A single pair of gill clefts. Apparently a pair of 
narial openings ventrally but doubtful. A pair of paddle-like pectoral 

appendages, covered with dermal plates, articulated with the anterior ventro lateral 
plates of the trunk. Tail heterocercal. 

The bony plates of the Antiarchi consist of three layers with numerous 
bone cells, the middle layer traversed by large canals and lacunae, while the 
outer and inner layers exhibit a more compact texture. 

Family 1. Asterolepidae.^ 

Exoskelelon robust and tuberculaied. Dorsal and ventral shields of trunk firmly 
united by the lateral plates. Interorbital piece not fixed. Faddle-like a 2 >pendages 
usually divided into a proximal ami distal half by a transverse joint. One or two 
small dorsal fins. Middle and Upper Devonian. 

Pterichthys Ag. {Pterichthyodes Bleeker) (Figs. 55, 56). Attaining 20 cm. 
in length, with the small head rounded in front, a broad and deep trunk 
fattened below, and a scaly tail. The upper surface of the head is covered 
with four pairs of lateral plates and four unpaired median plates, which are 
united by straight sutures. On the lower surface the cleft for the mouth is 
bounded in front by a pair of transversely elongated plates, which are 
supposed to represent the upper jaw. Behind the cleft a pair of smaller 
plates occurs fixed to the front of the abdominal shield. The trunk is 
armoured above by two large median and two pairs of lateral plates ; on its 
ventral surface four large ventro-laterals surround a small rhombic ventro- 
median element. The ventro-laterals are sharply bent upwards and outwards 
near their lateral border to take part in covering the flank. Both the head 

^ Oross, W,t Asterolepis ornata 'Eichvr, und das Antiarchi- Problem. Palaeontogr. , vol. Ixxv., 
p. 1, 1931. — Hofniann, O., Die Rudororgane der Asterolepiden. Palaeontogr., vol. Ivii., p. 285, 
1911. — Qerdale.pis rhenanus. Centralbl. f. Min., etc,, 1916, p. 420. — Jacket ^ O., Organisation und 
Lebensweise der Asterolepiden. Palaeont. Zeitschr., vol. vii., p. 166, 1925. — Pander, C» II., Die 
Placodernmn des devoniseben Systems. St. Petersburg, 1857. — Patten, IF, New facts concerning 
Bothriolepis. Bffll, Bull., vol. vii., p. 113, 1904. — HiJwn, J. V., timber PtericMhys. Verhandl. 
Russ. K. Min. Ge§?,'Her. 2, vol. xxviii., p. 308, 1891. — Stensiii, E. A., Upper Devonian Vertebrates 
from East Greenland. Medd. oni Gr0iiland, vol. Ixxxvi., no. i, 1931.^ — Tiaquair, li. //., Structure 
and Classification of the Astcrotepidae. Ann. Mag. Nat. Hist., ser. 6, vol. ii., p. 485, 1888 ; and 
The Asterolepidae. Mon. Palaeont. Soc., 1894-1913. 
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plates and the dorso lateral plates of the trunk are traversed by sensory 
grooves, those of the head being united by two parallel commissures. The 
two hinder lateral plates of the head and the adjoining body plates have 
bevelled edges, so that the former overlap the latter. The anterior median 
dorsal plate of the trunk somewhat overlaps the lateral plates, and is over- 
lapped behind by the border both of the posterior dorso-laterals and of the 
posterior median dorsal plate. The orbits occur at the two ends of a transverse 
cleft on the upper surface of the head, and are separated by a quadrangular 



Fio. 55. 


VUrkhthys viilhri At(. Uestoration from ubove (A), below (IS), and in side view (C), Va nat. size. Middle 
Old Re<l Sandstone ; Scotland, ap, ijectoral appendages ; j, articulation ; upper jaw ; op, operculum ; 
orb, orbit (after Truquair). 

median plate (os pineale), which exhibits a small deep pit on its inner face. 
The two anterior ventro lateral plates of the trunk are provided in front with 
an articular hollow on each side, in which are fixed the armoured paddle- 
shaped pectoral appendages. The latter do not reach the hinder end of the 
body shield, and exhibit one transverse articulation (j) at about their middle. 
The tail is covered with thin, rounded or six-sided, overlapping scales. The 
single dorsal fin is small. The tail is heterocerc«al, with large fulcral scales 
on its upper border, and the fin membrane confined to the lower lobe. 
P. milleri Ag. and other species represented by nearly complete examples in 
the M. Old Red Sandstone of Scotland. Perhaps also in Timan, N. Russia. 

Asterolepis Eichw. {Narcodes, Odontacanthus Ag. ; Chelonichthys Ag., in part ; 
Asteroplax A. S. Woodw.). As Pterkhthys^ but often larger, and the anterior 
median dorsal plate overlaps both the anterior dorso-lateral and the posterior 
dorso lateral plates. Chiefly represented by detached plates in the Devonian 
of N.-W. Russia and Latvia {A, ornaia Eichw.) and in the Upper Old Red Sand- 
stone of Scotland {^A. maxima Ag.). Doubtful fragments from the Devonian 
of Bohemia, the Eifel, Timan (N. Russia), Spitzbergen, and Maine (U.S.A.). 



SUB-CLASS I 


OSTRACODERMI 


39 


Gerdalepis Hoffman n. On the visceral face of the anterior median dorsal 
plate, a small apical chamber is 
partially separated off by a pair 
of thin horizontal plates (see Kohon, 

1891). G, rhenanus Reyrich, sp. 

Middle Devonian ; Gerolstein, Eifel. 

Microbrachitis Traquair. M, dicki 
Traquair,from Middle Old Red Sand- 
stone, Caithness and Orkney. 

Bothriolepis Eichw. (Pamphracfuit^ 

Placothorax, Ilomothorax^ Glypiodcvs 
kg.) (Fig. 57). Armour nearly as 
in Pterichtliys^ but the pectoral ap- 
pendages reaching backwards beyond 
the body shield, and the hinder 
mucus canal commissure on the 
head V-shaped. Plates of upper jaw 
notched laterally, as if for a ]»air of 
nostrils. Tail naked, with two dorsal 
fins and much elongated caudal fin. 

An Upper Devonian genus, known 
from N.-W. Russia, Novaia Zemlya, 

East Greenland, Scotland, England, 

Belgium, Canada, Iowa, Pennsyl- 
vania, Australia, and Antarctica. 

Remarkably fine examples of P). cana- 
densis Whiteaves, 30 cm. in length, 
from Scaumenac Bay, Province of fio, 56. 

Quebec, Canada. B. antarctica k. S. Middle Ohllted Sandstone; 

T #. XT -lx • Gamrio, Scotland. .1, Si»fciru»ni in nodule, Va nat. size. 

Woodw., from Upper Devonian, /.*, scale enlaip*d (after Kgerton). 

Granite Harbour, Antarctica. 

Remigolepis Stensio. Appendages not jointed. U. Devonian ; East Green- 
land and Australia ; ? Colorado. 

Byssacantlms kg. A laterally compressed, longitudinally ribbed spine fixed to 
the ridge of a tuberculated dorsal plate. B. cremilatus kg. U. Devonian ; Latvia. 




Pio. 57. 

BothHohpis mnadensUi Whiteaves. Side view, showing unarmoured tail witli two dorsal fins and heterocercal 
caudal fin, l/s size. Upper Devonian ; Scaumenac. Ray, Canada (after Patten). 

Cypholepis Gross. U. Devonian ; Latvia. 

Byssacanthoides A. S. Woodw. U. Devonian ; Granite Harbour, Antarctica. 
? Ceraspis Schliiter ; Belemmcaidlms Eastm. Middle Devonian ; Eifel. 
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Incertae Skdis. 

Eoichthys Bryant.^ An ellipsoid [)late, 3 mm. in length, truncated at one 
end, ornamented with rows of tubercles which radiate from a point near the 
truncate border. Structure unknown. E, hmelli Bryant, from Cambrian, 
Franklin Co., Vermont, U.S.A, Probably EocysHs, according to Dr. F. A. 
Bather. 

Ilansriickia Traquair.^ A close series of slender neural arches and spines. 
IL problernatica Traq., from Lower Devonian, Gemiinden, Germany. 

Farmllia Traquair.'* Calcified ring vertebrae, and polygonal dermal scutes 
ornamented with radiating tuberculated ridges. F. tuherculata Traq., about 
6 cm. in length, from Lower Old Red Sandstone, Forfar. Scutes also in 
Ludlow Bone-bed. May perhaps belong to the lihenanidi (p. 59). 

Eucentrurus Traquair.^ Elongated fish about 6 cm. in length, covered 
with minute spinelets, and with a pair of rows of larger double spinelets along 
the tapering tail. E. paradoxes Traq., from Lower Carboniferous (Calciferous 
Sandstones), Fifeshire. 


Sub-Class 2. CYCLOSTOMI. 

( Marsipobranchii. ) 

Verrniforrn fishes without ordinary jaws awl without paired fins. Skull in- 
complete ; orbits laterally placed ; a single wedian narial opening. Xotochord 
persistent. Skin without hard structures^ and median fins supported by endoskeletal 
cartilages without actinotrichia ; tail diphycercal m' hypocercal. 

The existing lampreys {Petromyzon^ etc.) and hag fishes {Myxine, etc.) must 
be regarded as the highly specialised — in some respects degenerate — members 
of a very ancient group. They are, however, either unknown among fossils 
or represented so far only by one form, Palaeospmidylus, which has an 
unusually well-calcified skeleton. Certain jaws from the Palaeozoic forma- 
tions, known as Conodonts,'* have been erroneously supposed to be teeth of 
this Sub-Class (see vol. i. p. 255). Palaeospondylus is considered to be a Dipnoan 
by Graham Kerr and A. E. Miller, who compare it with the skeleton of a 
larval Lepuiosiren. 

Palaeospondylus Traquair (Fig. 58).^’’ Skull and vertebral column well 
calcified, not more than 5 cm. in total length. The base of the brain case is 

^ Bryant, ir. L.. Fifteenth Rieiiuial Report, Vermont State Geoloj^iat, p. 125, 1926. 

Traquair, R. //., Trans. Roy. Soc. Edinb., vol. xl., no. 30, p. 736, 1903. 

^ Traquair, R. //., Ann. Mag. Nat. Hist. [7], vol, ii., p. 69, 1898, 

^ Traquair, R. H., Proc. Roy. Phys. Soc. Edinb., vol. xvi., p. 85, 1905. 

* Branson. C. C., Conodonts in the Permian. Science, vol. 75, p. 337, 1932. — Holmes, (J. B., 
Bibliography of the Conodonts, etc. Proc. U.S. Nat. Mus., vol. 72, art. 5, 1928. — Ulrich, K. 0,, 
and Bassler, R. S., A Classification of the Toothlike Fossils, Conodonts, Proc. U.S. Nat. Mus., 
vol. 68, art. 12, 1926. 

® Bulman, 0. M. B., Note on Palaeospondylus gunni Traquair. Ann. Mag. Nat. Hist. [10], 
vol. viii., p. 179, 1931. — Dean, B., The Devonian “Lamprey” Palaeospcnidylibs gunni, Traquair. 
Mem. N.Y. Acad. Sci., vol. ii., pt. 1, 1900, Bibliography. — AHUer, A. E., Tail Skeleton of 
Lepidosiren paradoxa, with Remarks on the Affinities of Pcdaeospondylus. Proc. Zool. Soc., 1930, 
p. 783. — Sollns, W. and I. B. J., The Devonian Fish, Paiaxospondylus gunni, Traquair. Phil. 
Trans. Roy. Soc., vol. 196b, no. ix., 1903. — Traquair, R. //., A still further contribution to onr 
knowledge of Palaeospondylus. Proc. Roy. Phys. Soc. Edinb., vol. xii., p. 312, 1894 ; also Proc. 
Zool. Soc., 1897, p. 314, 
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complete, with a depression for the hypophysis, but there seems to have been 
no cartilaginous or calcified roof or occiput. There are paired olfactory 
and auditory capsules, and the skull ends in front 
in a separate stout ring which is encircled with 
about eleven slender processes or cirri. The nature 
of the supports of the mouth is uncertain. Beneath 
the hinder half of the skull there are three or four 
pairs of rods which Sollas regards as branchial 
arches ; from the hindmost arch a pair of large, stout, 

])Ost-branchial plates extend backwards parallel with 
the anterior j)art of the vertebral column. According 
to Bulman, these rods and plates are better inter- 
preted as having been connected with the base of a 
tongue like that of the Myxinoids, while traces of 
imperfectly calcified branchial arches are recognisable 
just behind the head. There are vertebral centra in 
the form of broad rings ; in the abdominal region 
these bear short and stout neural spines, but no ril)8 ; 
in the caudal region the neural and haemal spines 
are very slender, while the former are longer than 
the latter and distinctly dichotomise in their distal 
portions, which doubtless supported a median fin. ]\ 
gnmii Traq., from Middle Old Red Sandstone, Caithness. 

The systematic position of the so-called ValaeomyrjM 
Weigelt {ex Jaekel MS.),^ from the Upper Permian 
(Kupferschiefer) of Riechelsdorf, is uncertain. 



Pig. 58. 


Sub-Class 3. ARTHRODIRA^^ 


J*alac<>sp(m,iiyluis gnimi Tra- 
quair. Midillt.' Old Red Sand- 
stone ; ('aitlinesH. a, Se]>arate 
siuull lobe ; h, anterior depres- 
sion or fenestra ; c, postei iorde- 
])ression or fenestra ; d.c, dorsal 
. . cirri ; ?.c, lateral cirri ; n, sup- 

Larly Palaeozoic limes with persistent notochord, and posed nariai opening ; p.a, para- 

endoskeleloti superficially calcified or ossified; no nos. trabecuio-paiatine portion of 
No parasphetwid hone. Head and frunk armoured with 
symmetrically arranged hony jdates, some of which are 
traversed hy sensory grooves ; head shield movahly artkur- 

lated hy a pair of gmglymoid joints with the body shield. Paired fins rudimentary. 
Supports of median fins correlated in number with the arches of the vertebral axis. 


The Coccostean fishes were originally grouped by M‘Coy with Asierolepis 
and Pterichthys in the “ family Placodermifi and they are included by Pander 
in his “ Placodermen.’^ The superficial reeemblance between their jaws and 
those of the existing Dipnoi was pointed out by Newberry; and they were 
at first provisionally regarded as an Order of Dipnoi by A. S. Woodward. 

* Weigelt, J., Leopoldina (Halle), vol. vi., p. 620, 1930. 

^ Dextn, B,, Palaeontological Notes. Mem. N.Y. Acad. Sci., vol. ii., pt. 3, 1901. — Studies on 
Fossil Fishes. Mem. Amer. Mus. Nat. Hist., vol. ix., pt. v., 1909. — Kastvian, C. /?., Some new 
points in Diiiichthyid Osteology. Amer. Nat., vol. xxxii., p. 747, 1898. — Dipnoan Affinities of 
Arthrodires, Amer. Jonrn. Sci., vol. xxi., p. 131, 1906. — Gro.ss, IP., Die Arthrodira Wildungens. 
Geol. n. Palaeont. Abhaiidl., n.f., vol. xix., p. 1, 1932. — JFeintz, A., Ban der Arthrodira. Acta 
Zoologica, vol. xii., p, 225, 1931. — Hussakof, A., Studies on the Arthrodira. Mem. Amer. Mus. 
Nat. Hist., vol. ix., pt. iii., 1906. — Koemen, A. von, Placodermen de.s norddeutschen Oberdevons. 
Abh. K. Oes. Wis.s. Gottingen, vol. xxx., 1883. — StmsiO, E. A,, Head of the Macropetalichtliyids 
and other Arthrodires. Field Mus. Nat. Hist. Chicago, publ. 232, 192.5. — Woodicard, A. S., 
Crossopterygiaii and Arthrodiran Fishes. Proc. Linn. Soc. Lend., Scss. 134, p. 30, 1922. 
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The latter now agrees with Stensio in referring them to a group closely 
related to the ancestors of the ElasimhranchiL 

Family 1. Phlyotaenaspidae.^ 

Dermal armour covered with a strongly tuhercnlated or ridged layer of ganoine. 
Head shield notched on each side for orbits. [Jaws unknow7i,’\ A pair of pectoral 
spines immovably articulated with the anterior ventro-lateral plates. Lower and 
Middle Devonian. 

The following genera are arranged by Heintz in three families, Monaspidae^ 
Mediaspidae, and Polyaspidae^ according to the degree of fusion of the dermal 
plates. 

Fhlyctaenaspis Traquair (Phlyctaenius Traq.). Median occipital plate from 
one- third to one-half the total length of the cranial roof, with two pairs of 
plates between it and the pineal and rostral plates, which are fused together. 
Orbits small and far forwards. Pectoral spine short and straight. ]\ acadica 
Whiteaves sp. Lower Devonian ; Campbellton, New Brunswick. P. germanica 
Traq. Lower Devonian ; Geiniinden, Hunsriick. Other species in the Lower 
Old Red Sandstone of west of England and Poland. Probably allied genus 
in Middle Devonian, Gippsland, Australia. 

Acanthaspis Newberry. M. Devonian; New York, Ohio, and Wisconsin, 
U.S.A. ; Spitzbergen ; Eifel. Pholidosteus U. Devonian ; Wildungen. 

Arctolepis Eastman (Jaekelaspis Heintz). Rostro-pineal plate apparently 
larger than in Phlyctaenaspis. Slender arched pectoral spine shorter than the 
body shield ; dorsal body shield very convex and sutures between constituent 
plates obscure. A, decipiens A. S. Woodw. sp., and other species. liower 
Devonian ; Spitzbergen. 

Lumspis Broili. Dermal plates ornamented with concentric ridges. Pectoral 
spine longer than the body shield, with strong curved denticles along its outer 
border. Slender tail covered with keeled scales. L. heroldi Broili, with head 
and body shield about 20 cm. in length. Lower Devonian ; Bundenbach and 
Gemiinden, Hunsriick, Rhenish Prussia. 

Arctaspis, Svalbardaspis, Plataspis, PJleganiaspis, Monaspu^ Iluginaspis, Mediaspis 
Heintz. Lower Devonian ; Spitzbergen. Polyaspis Heintz. Middle Devonian ; 
Spitzbergen. Camptasp)is Branson and Mehl. Devonian ; Utah, U.S.A. 

Family 2, Ooooosteidae.^ 

External tuhercnlated ganoine layer of dermal armour reduced and disappearing. 
Head shield comprising three pairs of lateral plates^ one large median occipital 
plate, and two sy^nmetrical pairs of plates in front of the latter, the foremost pair 

^ Broilit F.y Acaulhaspiden aus dem rheinischen Uiiterdevon. Sitzb. Bay. Akad. Wiss., math.- 
naturw. Abt., 1929, p. 143. — Neue BeobaclituDgen an Lunaspis. hoc, cit., 1930, p. 47. — 
Ohapnutn, F., Generic Position ot AUerolepis ornata var. mtstralisf* M‘Coy. Proc. Roy. Soc. 
Victoria, n.a., vol. xxviii., p. 211, 1916. — Heintz, A., Die Downtonischen uud Devonischen Verte- 
braten von Spitsbergen. II , III. Acanthaspida. Skril’terom Svalbard og Isbavet, noa. 22, 23, 1929. — 
Traquair, R. //., Phlyctaenius, a New Genua of Goixoateidae. Geol. Mag. [3], vol. vii., pp. 55, 144, 
1890. — Phlyctaenaspis amdka Whiteaves. Loc. cU., vol. x., p. 147, 1893. — Woodward, A, S., 
Lower Devonian Fish-Fauna of Campbellton, New Brunswick. Gool. Mag. [3], vol. ix., p. 6, 1892. 

* Branson, E. B., JHnichthys terrelli, Oliio Naturalist, vol. viii., p. 363, 1908. — Dean, B., 
Vertebral Column, Fins, and Ventral Armoring of Dinichthys. Trans. New York Acad. Sci., 
vol. XV., p. 157, 1896 ; vol. xvi., p. 57, 1897, — Two new Arthrodires from Cleveland Shale. Mem. 
New York Acad. Sci., vol. ii., p. 87, 1901. — Eastvian, O. R., Dinichthyid Osteology. Arner. 
Naturalist, vol. xxxii., p. 747, 1898. — Certain Plates in tlie Dinichthyids. Bull. Mus. Cornp. Zool. 
Harvard, vol. xxxi., no. 2, 1897. — Heintz, A., Now Reconstruction of Dinichthys. Amen Mus. 
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surroundmg one or two small median plates. Orbits lateral, forming notches in the 




Fm. 59. 


Cor-costens dtcipU ns Ag. Rf‘st(>ratioii, V4 **•'!*'• size. Middle Old Retl Stiridstoiie ; Scotland (aRc^r 
A. S. Woodwanl). The tail may have been diphycereal, not heterociercal as shown here. 

head shield; narial openings small and far forwards. Maxilla and premaxilla 

A 


B 


a 


Fio. CO. 

CoKostfus (Ucipiens Ag. Plates of ventral body shield (.-I), and inner (/>) and outer (C) view of left antero- 
dorsodateral plate. Middle Old Red Sandstone ; Scotland. (\ anterior ventro- lateral ; Co, median plate 
in front of clavicular arch ; Je, median ventral ; Jg, clavicle ; i’c, posterior ventro-latcml ; Pre, ant«ro*median 
ventral ; R, pectoral spine. About Va Hat. size (after Jaekel). 

stouter than the ptery go-palatine arcade ; ustially only one ossification in each ramus 

Novit., no. 457, 1931 ; also Dean Memorial Volume, art. iv., 1932. — Anterior-lateral Plate in 
Titanichthys. Aim. Mag. Nat. Hist. [10], vol. viii., p. 208, 1931. — Stenoynathus. Loc. cit., p. 242, 
1931. — 0<jCGo^teii8, Norsk geol. tidsskr., vol. xii., p, 291, 1931. — Iftissako/y Z., Systematic Relation- 
ships of Certain American Arthrodires. Bull. Amer. Mus. Nat. Hist., vol. xxvi., art. xx., 1909. — 
Upper Devonian Arthrodira from Ohio in British Museum. Oeol. M.'ig. [5], vol. viii., p. 123, 1911. 
— Devonic Fishes from Scaumeiiac Bay, Quebec {Coccosteus). New York State Mus., Bull. 158, p. 127, 
1912. — Jaekel, 0., Dber Ooccoateus. Sitzb. Ges. naturf. Freimde, Berlin, 1902, p. 103. — Neue Wirbel- 
tierfuiide aus detn Devon von Wildungen. Lite, cit., 1906, p. 73. — ITber Pholidosfeus, Loc, cit., 1907, 
p. 3. — Die Mundbilduug der Placoiiennen. Loc. cU., 1919, p. 73. — Kewf^erry, J. S., Palaeozoic 
Fishes of North America. Mon. U.S. Geol. Surv., no. xvi., 1889 (1890). — Obrutschew, 1}. W., 
Angarkhthys. Bull. Comity Gt^ol. Leningrad, vol. xlv., p. 679, 1927. — Coccosteus trmUscholdi. Trav. 
Mus. Geol, Acad. Sci. Leningrad, vol. viii., p. 285, 1929. — Stetson, II. O., Structure of JHnichthys 
and MacropetcUiilUhys, Bull. Mus. Oornp. Zool, Harvard, vol. Ixxi., p. 19, 1930, — Traquair, R. II,, 
Structure of Coccosteus decipiens Ag. Ann. Mag. Nat. Hist. [6], vol. v., p. 125, 1890. 
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of the imndihle, IWth, when present^ small mid coniral, hut often worn away early 
in life, 2'runk with a larye median dorsal plate hearing a longitudinal median keel 
on its under surface; also two pairs of lateral jilateSy the aider tor with, a pair of 
articular processes for union with the head shield. Ventral body armour comprising 
two or three pairs of lateral plates and two small unpaired median plates. A pair 
of movahle pectoral spines ; a pa ired pelvic arch with small Jins. Dorsal jin small ; 
anal jin unknown ; tail diphycercal or heterocercal. Middle and Upper Devonian. 


Coccosffius Ag. (Tjiognathus Newb.) (Figs. 59, 60). Head and trunk broad, 
the dermal plates covered with stellate tubercles. Cranial plates united by 



sutures, not fused. Orbit large with a bony 
sclerotic ring. Besides the maxilla and premax- 
illa, one or two inner pairs of dentigerous bones 
also present in the upper jaw. Closely arranged 
conical teeth persistent throughout life, those of 
the mandibular bone not only along part of the 
upper edge but also alorig the truncated front 
edge. In front of the ventral body shield occur 
a ])air of transversely elongated slender plates, 
[)robably representing the pectoral arch ; a small 
pectoral spine, but never any traces of pectoral 
lins observed. Dorsal fin short -based, with a 


Fio. «'.i, double row of supports. Tail destitute of scales. 

Jaekfii. Upper ^ nicdiau platc of boiic, of Uncertain nature, 

view of head shield. Upper llev'ciiian ; . . . i i i 

wiidiiiigen. li, lateral occipital ; F, in vertical positioii beiicath the vertebral column 

pineal; J, suborbital; V, rostral ; Os, 

median occipital ; p, central; j'rfL, the beginning of the tail. Nearly conijilete 

inij)erfectly prcsei-ved skeletons of 0. (hdpiem 
Ag. (Figs. 59, GO) occur in the Middle Old Bed 
Sandstone of Scotland. C. angusius Traq. Lower Devonian ; Gcmiinden, 
Hunsriick. Other species in Upper Devonian ; England, Ireland, Germany, 
Eussia, New York, and Canada. Also in Middle Devonian ; Ohio and New York. 

Brachydirus v. Koenen ; Belosteus^ Brachyosteus, Trematosteus Jaekel. With 
vacuity in cranial roof behind pineal plate. U. Devonian ; Wildungen and 
Bicken, Nassau. 


Pachyosieus (Fig. 61), Oxyostcus, BhinosteuSy Enseosteus, LeptosteuSy Synauchenia 
{Synosteus) J aeVeA \ HadrosteuSy Leiosteus U. Devonian ; Wildungen. 

Chelyophorus Ag. U pper Devonian ; Govt, of Orel, Eussia. 

Angarichthys Obrutschew. Devonian ; Kiver Bachta, Govt. Jenissei, Siberia. 

Dinichthys Newberry {Gcyi'gonichthys Claypole) (Figs. 62, 63). Very large, 
the head sometimes measuring 1 m. in length and 0*7 m. in breadth. 
Tubercular ornament sparse or absent. Median occipital plate subtriangular 
with prominent median process behind ; lateral occipital plates with very 
deep articular sockets for the reception of the process on the antero-dorso- 
lateral plates of the body shield. Median rostral and pineal plates relatively 
large ; the pineal thickened on its inner face, with a deep conical pit but no 
perforation. Orbit with a ring of four large bony plates. Premaxillae and 
symphysial end of mandibular bones forming stout conical beaks ; the 
trenchant margin of the maxilla and that of the mandible behind the beak in 
the young with small conical teeth, which are worn away, leaving only cutting 
edges of bone in the adult. Oral border of the pterygo-palatine arch 
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expanded into a punctate crushing surface. Median dorsal plate very thick, 
often over 0*() m. long and broad. Antero-dorso-lateral plate overlapped by 
the large clavicular. ]). herizeri Newb. Upper Devonian (Huron Shale) ; 
Delaware, Ohio, U.S.A. D. intermedins Newb. (Figs. 62, 63). Cleveland Shale ; 
Ohio. Several other species in the Middle and Upper Devonian of Iowa, 



Fjo. 

IHnirhthys intervieOius Niiwlx'rry. Upper view of head shield and body shield. Upi)er Devonian (Cleveland 
Shale); Ohio. ADL, aiitero-dumi-lateral ; central ; I>M, naedian dorsal ; EO, hiteral occipital; M, mar- 
ginal ; MO, median occipiUil ; P, pineal ; PDL, postero-dorso-lateral ; PO, preorbitiil ; FtO, postorbital ; It, 
rostral, l/y nat. size (u'ler C. U. Eastman). 


Wisconsin, Ohio, New York, and Canada ; also perhaps in the Upper Devonian 
of Belgium, the Eifel, Bohemia, and Russia. 

Hussakojia Cossmann [Brachygnathus Hussakof nec Pomel). Upper Devonian ; 
Ohio, U.S.A. Grimlandaspis Heintz. U. Devonian j E. Greenland. 

Titanichthys Newberry (Brontichthys Clay pole). Cranial shield very large, 
thin and flattened, much broader than long ; arrangement of plates closely 
similar to that of DinicMhys. The transversely elongated ovoid pineal plate 
pierced by a pair of small perforations. Premaxillae, maxillae, and mandibular 
bones very slender and toothless, forming a small beak in front. Median 
dorsal plate deeply emarginate in front. Antero- and postero-dorso-laterals 
fused, articulated to the cranial shield by a long hinge, and overlapped by the 
large claviculars. T, agassizi N. has a horizontal expanse of 1*9 m. across 
head shield and claviculars. Cleveland Shale (Upper Devonian ) ; Ohio. 
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Diplognath'us Newberry (Fig. 64). Mandibular bone slender, pointed in 
front ; short and stout curved conical teeth arranged in si?igle series along 



Dinichthyii intermedins Nowbt'fry. Out<*r vi<»w of jaws, 
right side. Upper Uevoidan (Clevtdaiid Shale) ; Ohio, a, 
preinaxillH; mt, iiiaudiliulur plate;;*, uiaxillu ; .vo, sule 
orbital. 1/4 (after A. S. Woodward). 



Flo, <)4. 


DipJognathus mirahU'is Newberry. Outer, inuor, 
and n])per views of mandibular l>one. UppiT 
Devonian fCle.ve.laud Shale) ; Ohio. ‘^*5'**’ 

(after Newberry). 


the oral border and the inner edge of the front border. D. ^nirahilis Newb. 
(Fig, 64) : jaw about 30 cm. in length from IJpiier Devonian (Cleveland 
Shale), Ohio, U.S.A. 

Aspidichthi/s, Trachosteus, Glypiaspis, Steimgnathm Newberry. Selcnosfeus^ 
Stenosteus Dean. ProtUanichiltys Eastman. Upper Devonian ; Ohio, some also 
in New York and Michigan. Glyptaspis eaAmani Swartz. U. Devonian ; Han- 
cock, West Virginia. 

AmmalicMhys von Koenen. Upper Devonian ; Germany. 

Uolonema Newberry. Upper Devonian; North America, Shetland, and 
Devonshire. Middle Devonian ; Belgium. 


Family 3. Homosteidae.^ 

Head shield as in Coccosteidae, hut oi'hits completely within the shield^ and the 
occipital region relatively long, Antero-lateral plates of hod.y shield with a hmg 
anterior process which clasps the sides of the head shield. Middle and Upper 
Devonian. 

Homosieus Asmuss (Fig. 65). Very large fishes, broad and depressed. Jaws 
slender and toothless. Median occipital plate antero-posteriorly elongated ; 
median dorsal plate of the trunk broader than long. H, milleri Traq. (Fig. 65), 
from Middle Old Red Sandstone, Caithness and Orkney. H, formosissimus 
Asmuss, from Upper Devonian of Latvia. 

Heterosteas Asmuss {Ichthyosauroides Kutorga). Nearly resembling Uomosteus, 
but larger, shorter and broader, and antero-lateral body plates with the 
anteriorly directed process enormous. According to Heintz, the relatively 
small ventral body shield is in one piece, and placed far forwards between, 

^ Abely 0., Beitrag zur Keniituis voii HeterosHus cmivexus Asmuss. Palaeont, Zeitsebr., vol. ix. 
p. S14, 19*27 . — ffciiUZf /!., tJber den Paiizerbau bei liotnosietos uud Heterosteus, Skrift. Norsk. 
Videiisk.-Akad. Oslo, Mat.-Natur. Kl., 1928, no. 1. — Kin© neue Rekonstruktion von Heterostim 
Asm. Sitzb. Naturf.-Ges. Univ. Tartu (Dorpat), vol. xxxvi., pt. 3, 1930. — Traquair^ R, 
jffomosteus Asmuss compared with OoeeoHlcm Aga.ssiz. Geol. Mag. [8], vol. vi., p. 1, 1889. 
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and in contact with, the tips of the antero-lateral processes. IL asmussi Ag. 





Fuj. 65. 

}J omof'i eus mWn- i Trixq. Tload and dorsal sliinld. Old Ked Sandstone; CaitlinesK, A, B, C, uiide- 

terniiiM'd bon as ; ad/, anterior dorso-lateral, with process of antero-lateral below; or, rostral; c, central; ro, 
lateral oocdpital ; m, inarjjiiial ; md, inediun dorsal ; mo, median occipital ; o, orbit ; ^kU, pr)sterior dorso- 
lateral ; po, jireorbital ; pto, postorbitAl. Pineal jdate behind rostral. The double lines indicate the course 
of the sensory grooves. V« size (alter Tra<iuair). 


sp., common in Upper Devonian of Latvia, but known only by the massive 
detached plates. 

Family 4. Mylostomidae.^ 

Dermal plates arranged as in Coccos- 
teidae, but smooth. Dentition for crushing ^ 
with separate dental plates in upper jaw. 

Upper Devonian. 

Mylostoma Newberry (Fig. 66). Two 
pairs of upper dental plates opposed to 
expansion of lower jaw. M, variahile 
Newb. (Fig. 66), from Upper Devonian 
(Cleveland Shale), Ohio, U.S.A. Mylostoma variabUemewherry. Dental plates, 

Dinomylosioma'Kastma.n. Crushing sur- owa 

face of mandibular bone narrow ; cartilage 

of lower jaw calcified. D. beecheri Eastm. U. Devonian ; New York. Michigan. 

Dinognathus Hussakof. Upper Devonian ; Ohio. 



^ Dean^ B., Mylostoma Newberry. Mem. New York Acad. Sci., vol. ii., p. 101, 1901. 

Eastman^ 0. li.<, Structure aud Relations of Mylmiuma. Bull. Mus. Comp. Zool. Harvard, vol. 1., 
no. 1, 1906. — Mylostomid Dentition. Loc. cU., vol. 1., no. 7, 1907. — Mylostornid Palatal Dental 
Plates. Loc, cit, vol. Hi., no. 14, 1909. — Hussakof, L., Systematic Relationships of Certain 
American Arthrodires. Bull. Amer. Mus. Nat. Hist., vol. xxvi., art. xx., 1909. 
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Family 5. Macropetalichthyidae.^ 

Dermal armour covered with a strmigly tuber culated layer of ganoine. Sensory 
canals deeply sunk in the hone. Head shield completely surromiding the orbits ; 
median rostral and pineal plates fused ; posterior articulations for body shield feeble, 
[Jaws and body shield unhiown,^ Middle and Upper Devonian. 

Macropet alichthys Norwood and Owen (Physichthys H. von Meyer ; j4gas- 
sichthys Newberry) (Fig. 67). Head shield much arched from side to side, 

A 


f^nd el vf\*p 



FlO. 07. 

Macrnpetalichthys rapheidolabis Norwood and Owen. Cranium as restored by Stensir), about Va nat- 
from left side (.1), above (B), and below (r/). Middle Devonian (Corniferous Limestone); Indiana, n.opt, 
probably optic artery ; c.car,ext, external carotid artery ; e.h,y, hyoid vein; c.opth.itvp.V'1, probably ophthalmic 
ramus of trigeminal nerve ; ch.w, ridge cause^l by notochord ; c.mZy, palatine ramus of facial nerve ; c.ra, radix 
aortae; el, probably dorsal branch of vagus nerve; cr.od, dorsal occipital crest ; cr.ol, lateral occipital crest; 
cr.sp, cranio-spinal process ; djx, probably dorsal branch of glossopliaryngeal nerve ; d.end, ductus endo* 
lymphaticus; /Mrt.hm, probably articulation for hyomandibular ; endolymphatic fossa; fm, foramen 
magnum; haem, haemal groove; ja., mandibular vein, etc. ; n.l, linea lateralis nerve; na, narial opening; 
•nj, nasal fontanelle ; olf, nasal capsule ; orb, orbit; par, pineal opening ; pfg, anterior vacuity ; pr, postero- 
lateral process of the anterior broad division of the occipital region ; s.jiod, groove for palatine ramus of 
facial nerve ; s.ra, radix aortae ; Sx, groove from external opening of vagus canal ; vy, foramen ; H, VII, 
IX, X, vn, nerves. 

irregularly ornamented with stellate tubercles. Sensory canals large, opening 
by a narrow slit or a series of perforations. Occipital region relatively long ; 
pineal plate in contact with median occipital. M, rapheidolabis N. and O. 
(Fig. 67), with head shield about 25 cm. in length, from Middle Devonian, 
Ohio, Indiana, and New York, U.S.A. M, pruemiensis Kayser, and other 
^ See reference to Stensid in footnote on p. 41. 
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species in Middle Devonian, Eifel, Germany. M. schei Kiser, from Devonian, 
Ellesmere Land. An allied genus occurs in the Devonian of New South 
Wales, Australia. 

J>Jpij)etaluhthys Jaekel (Fig. 68). Ornamental tubercles in concentric lines. 



steom 

Fig. 68. 


EjnpetaJichthys wildwngensin Jaekel. Roof of skull, about Va “fit. size. Upper Devonian; Wilduiigen, 
Germany. L, AU P, S, dermal plates; d.end, ductus endolyinphaticus ; ifc, infVaorbital sensory canal; Ic, 
inaiii lateral line continued on bead ; tmi, narial opening ; ol/, nasal capsule ; orh, orbit ; pfg, anterior vacuity ; 
at.coni, supratemporal commissure of sensory canal ; soc, supraorbital sensory canal. After Stemsio. 

Pineal plate separated from median occipital. E, wildungensis Jaekel 
(Fig. 68), from Upper Devonian, Wildungen, Germany. 

Family 6. Ptyotodontidae.^ 

Dermal armour tuberculated^ much reduced. Pectoral arch covered with plates ; 
a small movable pectoral spine, A pair of deep laterally compressed dental plates 
in each jaw. Middle and Upper Devonian. 

^ Dollo^ L.f Les Ptyctodoutes sont des Arthrodcres. Bull. Soc. Beige G<'*ol., vol. xxi., M^m., 
p. 97, 1907. — Eastiimny C. R,y Devonian Ptyctwiontidae. Anier. Nat., vol. xxxii., p. 473, 1898. — 
JaekHy 0., Morpliologie der alte.sten Wirbeltiere. Sitzb. Ges. naturf. Freuiide, Berlin, 1906, 
p. 180. — Rohony J, F., Gattmig Ptyctodus, Verhandl. Russ.-kai8. Min. Ges. St. -Petersburg [2], 
vol. xxxiii., p. 1, 1895. 
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Ptyctodm Pander (Aiilarosiens Eicliwald; Einodus Newberry and Worthen). 
Tritoral area of dental plate composed of very hard, punctate, superimposed 
laminae, arranged obliquely to the functional surface, P. ohligwis Pand., from 
Upper Devonian, Latvia and North Kussia. P. cakeolus N. and W. sp., from 



Upper and Middle Devonian, U.S.A. Other species from Middle Devonian, 
Eifel, Germany, and Upper Devonian, Devonshire, Belgium, and Utah, U.S.A. 

Ehynclwdus Newberry {Ehamphodm Jaekel nec Davis) (Pig. G9). Dental 
plates with sharp cutting edges, no well-differentiated tritors. R, secan^i 
Newb. Middle Devonian ; Ohio, U.S.A. H. major Eastman (Eig. 69) from 
Upper Devonian, Wildungen, Germany, showing dermal plates of pectoral 
arch. Other species from Middle Devonian, Eifel. 

Ehynchodontus Jaekel. Upper Devonian ; Wildungen. 

Palaeomylus A. S. Woodward. Stout dental plates, with broad symphysial 
surface, and one punctate tritor, not laminated. P. frangens Newb. sp., and 
other species from Middle Devonian, U.S.A. 

Deinodus Hussakof and Bryant. Middle Devonian ; New York. 

Sub-Olass 4. ELASMOBRANOHII.^ 

{Chondropterygii Gunther ; Placoidei Ag.) 

Endoskeleton cartilaginous ; exoskeleton, when present, usually structurally 
identical with the teeth (placoid scales). Usually five {rarely six or seven) pairs of 
branchial arches, the clefts exposed or covered only by a flap of skin, without operculum. 
Paired fins well developed. Tail diphycercal, heterocercal, or gephyrocercxil. In the 
living forms — optic nerves not decussating but forming a chiasma ; bulbus arteriosus 
of the heart with two, three or more series of valves ; air bladder absent ; intestine 
with a spiral valve ; ovaries with few large ova. 

^ DanieU J. F.^ The Elasmobrancli Fishes. XJniv. California Press, Berkeley, 1922 (also ed. 2). 
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The unsegmentod cartilaginous cranium of the Elasmohranchii is more or 
less imperfectly hardened with polygonal granules of phosphate of lime. In 
the sharks and skates the pterygoquadrate cartilage of the upper jaw is 
movably suspended from the cranium, and the vertebral axis is often distinctly 
segmented ; in the Chimaeroids (Holocejfhali) the upper jaw is fused with the 


A cW io 



Fi<t. 70. 

Ijoiigitiuliiial se(?ilf)n of the anlrrior part of t)n* 
vertebral column of Heptanchim. cA, notochord ; 
d, incipient calcified double -cone (liasia of 
centrum); iv, intervertebral space filleri with 
notoehoid ; \v, conati iction of notochordal hlicath 
(after Iviilliker). 


d 



in 


Via. 71. 

Longitudinal section of the tectoapon- 
dylic vertebral column of • Sqitatina 
ciTKjelus Linn, eh, notochord ; d, cal- 
ciriod double-cone (basis of centrum); 
7 /’, intervertebnil space; vertebral 
centra with concentric calcified rings 
(after Basse). 


cranium and the mandible articulates directly with this, while the notochord 
remains unsegmented, so that the vertebrae are always indicated only by 
the arches. 

All the earliest Elasmobranchs and some of the Mesozoic genera have a 
persistent notochord, but the higher and later forms have very variously 
calcified vertebrae. Hasse^ distinguished four types of vertebrae which 


ABC 



Fio, 72. 


Diagrammatic vertical section through the middle of Selachian vertebrae of the cyclospoudylic (.4), tecto- 
ftpondylic (B), and mt(>rospoinlylic (O’) types. C, S)^>ace for notochord ; D, central calcithsl ring or double cone ; 
K, elastica externa ; II, haemal arch ; N, neural arch (alter Basse). 

he regarded as characteristic of four groups into which he divided the 
Elasmobranchs ; but Ridewood ^ afterwards showed that this classification 
could not be maintained. Among the existing Selachii the Notidanidae exhibit 
the most primitive vertebral axis (Fig. 70). Here regularly spaced thickenings 
round the notochordal sheath constrict the chord itself and form divisions 
pierced through the middle {diplospondylic). The term cyclospondylic is applied 
by Hasse to those vertebrae in which a calcified ring appears uniting the 
ordinarily calcified anterior and posterior borders of the primitive constricted 
centrum (Fig. 72, A), When additional calcified lamellae concentric with the 

* JJassCt Das natiirliclie System der £laiimol>rauchier. Jeua, 1879. Suppleineut in 1886. 

® Ridewood^ W, G., Calcification of the Vertebral Centra in Sharks and Kays. Phil. Trans. 
Roy, Soc., vol. 210 b, no. viii., 1921. 
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first are developed in the intra vertebral space, the teciospondylic type (Figs. 71, 
72, B) is recognised; when, on the other hand, calcified plates or ridges 
radiate from the centre to the periphery, the vertebrae are termed asicro- 
spondylic (Fig. 72, C). 

With the vertebrae there occur most abundantly in the fossil state teeth, 
fin spines, and dermal tubercles and plates. Sharks’ teeth are among the 
fossils which have been longest known, and arc frequently mentioned in the 
older writings under the names of glossopetrae, birds’ tongues, and snakes’ 
tongues. The form of the teeth is very variable, often sharply pointed with 
cutting edges, single- or many-cusped, but frequently also pavement-like, with a 
flattened, bluntly conical crown. They consist essentially of vasodentine, dentine, 
and structureless enamel (ganodentine). Except in some of the extinct A can thodii, 
they are always fixed by ligament, never fused with the supporting jaw. 

The Klasmobranchs may be divided into seven Orders : Acanthodi% Pleuro- 
pterygii, llhenauidi^ Stegoselachii, Ichthyofomi, Sdachii, and Holoc<pliali. By 0. P. 
Hay the Orders Acantludii^ rienropierygii^ and Iclithyotomi are grouped in a 
Super-Order Tapinosdachii, and the Selachii in a Super-Order Arisfoselachii, 


Order 1. ACANTHODII.^ 

Endoskeleton well calcified^ with denml and memhram calnfirafions in the region 
of the skull and pectoral arch, Pterygoquadrate arcade movaUy articulated uith the 
cranium (hyostylic), (hint surrounded with a ring of four thin ] dates of dentine. 
Teeth^ when present, firmly fixed to the cakifed sheathing plates of the. pterygoquadrate 
and manlihular cartilages. Notochord per.sistefit, Endoskeletal cartilages of all the 
fins much reduced,, and the dermal expansion ahnoA or compfletely destitute of rays ; 
each of the fins except the caudal with a rohud anterior spine implanted in the fiesh. 
Pelvic fins of male without elaspers. Dermal armature of trunk consisting of small, 
closely arranged, quadrate granules, which also extend orer the greater jtorlion of the 
fins ; lateral line passing between two series of the granules. 

Four families of this Order are distinguished, the Acaiithodidae with one 
dorsal fin, and the Diplacanthidae, Isehnacanihidae, and Gyracanthidae with two 
dorsal fins. These fishes were originally assigned to the Ganoidei by Agassiz, 
but their close relationships to the Elasmobranchii were observed by Liitken, 
Fritsch, and Huxley. While, however, they were arranged by Liitken and 
Fritsch among the Elasmobranchii, they were regarded by Huxley as inter- 
mediate between the Ganoidei and Elasmolwanchii. Later researches by 
Traquair, A. S. Woodward, Keis, and Jaekel, seem to have justified the 
reference of the Order to the Elasmohranediii, though Goodrich has shown that 
the dermal covering is not typical shagreen. 

^ Davis. J. W., Acanthndidae. Trans. Roy. Dublin Soc. [2], vol. v., no. vi., 1894. — ]>mn^ li., 
Notes on Acanthodean Sharks. Ainer. Joiirn. Anat., vol. vii., p. 209, 1907. — Fritsch^ A,, Fauna 
der Gaskohle in Buhmeii, vol. ii. Prague, 1889. — Huxley ^ T, H.., Preliminary Essay upon the 
Systematic Arrangement of the Fishes of the Devonian Epoch. Mem. Geol. Surv , dec. x., 1861. 
— Knev. JfJ., Sitziiugsb. k. Akad. Wiss. Wien, niath.-naturw. Cl., vol. Ivii., p. 290, 1868. — 
Powrie. ./., On the earliest known Vestiges of Vertebrate Life. Trans. Edinb. Geol. Soc., vol. i., 
]i, 284, 1870. — Reis, O., Zur Kenntniss des Skeletts der Acanthodinen. Geogii. Jahreshefte, 
Miinchen, 1890, p. 1, and 1894, p. 49. — Jllnstrationen z. Kenntnis des Skeletts von Acanthodes 
bronni k%. Abhandl. Seiickenberg. Natiirf. Ges., vol. xix., p. 49, 1896. — XSh&c Acanthodes hr onni 
Ag. Morpliol. Arbeiten, vol. vi., p. 143, 1896. — Roemer, F., A cmithodes gracilis. Zeitschr. 
Deutsch. Geol. Ges., vol. ix., p. 66, 1857. — Traquair, R. //., Geol. Mag., 1888, p. 611, and 
1889, p. 17. 
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The Jcanthmlii comprise not only a number of more or less completely 
known genera from the Devonian, Carboniferous, and Permian formations, 
but probably also a few genera which are still represented only by isolated 
tin spines (e.g. Haplacaathus Ag. and Machaeraainthus Newberry). 


Family 1. Diplacanthidae. 


Two dorsal jins. Free spines between paired jins conspicuous. Upper >Silurian 
to Upper Devonian. 

JHplacanthus Ag. {Ithadinac.anihns Traquair). Trunk fusiform, probably 
not much laterally compressed. Teeth minute or absent. Pectoral fins large, 
and a median pair of stout spines fixed between these to the well-developed 
basal supports ; a single pair of free spines between the pectoral and pelvic 
fins. IK slriaUis Ag., about 10 cm. in length, and other species from the 
Middle Old Red vSandstone of Scotland. 1), horridus A. S. Woodw. from 
Upper Devonian, Scaumeriac Bay, Canada. 

Climatins Ag. (Jlntchfiaranthns Egert.) (Fig. 73). Trunk fusiform and 
laterally compressed. Teeth minute or absent. Fin spines remarkably 



Fin. 73. 

Climatius srutujer Kgert-on. liOwtjr Old llwl Siindstone ; Forfarshire. Nat. size (after Towrie). 


broad and marked with coarse longitudinal ridges, sometimes with posterior 
denticles ; no base of insertion, but each spine fixed on an endoskeletal 
support. Pectoral fins not much larger than the pelvic pair ; three or four 
pairs of free spines, i*esembling the fin spines, between the paired fins. 
C. reticulatus Ag. and C. scutiger Egert. (Fig. 73) are known by nearly 
complete fishes from the Lower Old Red Sandstone of Forfarshire. Similar 
spines occur in the Passage Beds (Downtonian) of Herefordshire, and in the 
Lower Devonian of Campbellton, New Brunswick. 

Enthacanthus Powrie. Essentially identical with Climatins^ but with 
narrower straight spines. Lower Old Red Sandstone ; Forfarshire. 

Farexus Ag. Much resembling Climatius, but the anterior dorsal spine 
enormously elongated and with large posterior denticles. P. recurvus Ag., 
and P. falcatus Powrie, from Lower Old Red Sandstone, Forfarshire. 

Family 2. Isohnaoanthidae. 

Fusijorm laterally compressed jishes. Two dorsal jins. No free spines between 
paired jins. No median pair of spines attached to pecteeral arch between the pectoral 
jin spines. Upper Silurian and Lower (? and Middle) Devonian. 

Ischnacanthus Powrie {Ictinocephalus Page). A few large, smooth, conical 
teeth alternating with minute cusps, on the edge of the jaws. A spiral or 
arch of conical teeth of the form named Protodus A. S. Woodw. at the 
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mandibular symphysis (see p. 56). Scales smooth. /. gracilis Egert. sp., 
from Lower Old Led Sandstone, Turin Hill, Forfarshire. Probably large 
species in Downtonian, England. 

Plcrtrodus Agd Jaws from Upper Silurian ; Herefordshire, Isle of Oesel 
( Baltic Sea), and Laundos (Portugal). Gomjfhodus Pander. Scales from Oesel. 


The lower jaw with an arch of presymphysial teeth named Oiiychodns 
sigrnoides Newberry (Fig. 74) from the Middle Devonian of Ohio and New 



Fio. 74. 

Onyekodus sigmnivles Xewberry. Part of left ramns of lower Jaw, outer view, showing roninlns of aich of 
presymphysial teeth. MidiUe Oevonian (Corniferous Limestone); Ohio. Vr size (after New heir} ). 

York, U.S.A., may belong to a gigantic Acanthodian allied to Ischnacanthus. 
Scales and bones of a Crossopterygian Ganoid have been hypothetically 
associated with it. Similar presymphysial teeth occur in the Upper Devonian 
of Ohio (Fig. 75) and in the Devonian of the Eifel, 
Germany, and of Sjntzbergen. 

Family 3. Gyracanthidae. 

Round-hodied depressed fishes. Two dorsal fins. Pectoral 
fins very large, and pelvic fins advanced far forward. Lower 
Devonian to Carboniferous. 

Gyracanthus Ag. Known only by paired fin spines 
(sometimes 40 cm. in length) and triangular free paired 
spines. Fin spines with large base of insertion, exserted 
portion ornamented with parallel oblique transverse ridges, 
which diverge in pairs from the longitudinal median line of 
berry. Arch of pre«ym- the anterior lace ; often worn at apex during life. G. for- 
oi^onLaiiron Ag., from British and Irish Coal Measures. Other 
size (after gpecies throughout Carboniferous of Scotland, Ireland, and 
North America. G. incurvns Traquair, a small species from 
Lower Devonian, Campbellton, New Brunswick. Small species also in the 
Upper Devonian of New York State. 

Gyracanthides M‘Coy.2 Pectoral fin spines more strongly arched and with 
smaller base of insertion than Gyracanthus^ much compressed from above 
downwards ; pelvic fin spines rounded in transverse section at the base and 
nearly straight, fixed completely between the hinder half of the pectorals. 
Two pairs of triangular free spines near base of pectorals. Tail small and 
slender, with small dorsal and anal fin. G. murrayi A. S. Woodw. known by 

^ Wof}dwardi A, S., Geol. Mag., 1917, p. 74. 

2 Woodward, A. S,, Mem. Nat, Mus., Melbourne, no. 1, p, 3, 1906. 
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nearly complete fish about 50 cm. in length, from Carboniferous, Mansfield, 
Victoria, Australia. 

? Cosmacanthus Ag. Upper Old Red Sandstone; Scaat Craig, Elgin, 
Scotland. 

Family 4. Acanthodidae. 


Fusiform or elongate fusiform fishes^ laterally compressed, A single dorsal fin. 
Free spines between paired, fins usually absent, sometimes represented by one rudimen- 
tary pair. Lower Devonian to Lower Permian. 


Mesacanthus Traquair (Fig. 76). A gracefully fusiform fish with slender 
spines. Pelvic fins not much smaller than the pectorals, about midway 
between these and the 
anal ; a pair of minute 
spines between the paired 
fins. Dorsal fin more or 
less opposed to the anal, 
but not in advance of it. 

Mesacanthus mitchelli Egert. 
sp. (Fig. 76); M. pvachi 
Egert. sp. ; and M. pusillus 
Ag. sp., from the Lower 

and Middle Old Red Sand- AJesacanthiiiimiMielH K*'. sp. Lower OUl Ued Sandstone; Farnell, 

stone of Scotland. M, Forlar.shire. Nat. eizt* (afli‘r Egerton). 



af/inis Whiteaves sp., an 

equally small species from the Upper Devonian of Scaumenac Bay, Province 
of Quebec, Canada. 

Acanthodes Ag. (Acanthoessus Ag. ; Holacanthodes Beyr. ; Protacanthodes 



Fio. 77. 


Aeanihodett wnrdi Eg. 
Skeletal parts of pectoral tin, 
iiat. size. Goal JVfeasiireK ; 
England, b, hollow basal 
element ; r, dermal rays ; a, 
dermal spine forming an- 
terior bor<ler of tin (after 
A. 8. Woodward). 


Fritscli) (Figs. 77, 78). A more elongated fish with 
similarly remote dorsal fin, but the pelvic fins relatively 
small and advanced forwards, the pectorals larger, and 
intermediate spines absent. Teeth minute or absent. 



Fig. 78. 

AcaiUkod^ gracilis Beyr. Scales from the outer (A, Oand 
inner (H) aspects, much enlarged. Lower Permian ; Germany. 


Pectoral fin spine supported by a hollow, raesially constricted element 
(Fig. 77, h), which abuts against the side of its proximal end ; a close series of 
short, fine dermal rays (r) sometimes appearing below this in the fin membrane. 
Scales smooth. Ranging throughout the Carboniferous in Scotland, the Coal 
Measures in England, North France, and North America, the Carboniferous 
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of Australia, and the Lower Permian in France, Germany, Bohemia, and 
Siberia. A. hronni Ag., the typical species, about 30 cm. in length, from the 
Rothliegendes of Rhenish Prussia (Lebach and Saarbriicken). A. gracilis Beyr. 
(Fig. 78), from Klein Neundorf, Silesia, probably identical with the latter. 
A. warili Egert., from Coal Measures, Longton, Staffordshire. A, lopatini 
Rohon, from Permian, Siberia. A. australis A. S. Woodw., from Carboniferous, 
Victoria, Australia. A, (?) concinnus Whiteaves, from Upper Devonian, Scau- 
menac Bay, P.Q., Canada. 

Traqmiria Fritsch. As AcantJiodes but without pelvic fins. T, pygmaea 
Fr., from Lower Permian Gas-Coal, Bohemia. 

Cheiracantlius Ag. Like Acanfhodes, but dorsal fin arising in advance of 
anal, and scales sculptured. C, murchisoni Ag., from Middle Old Red Sand- 
stone, Scotland. Fragments from Lower Devonian of New Brunswick, 
Canada, and Upper Devonian of Granite Harbour, Antarctica. 

Acanthodopsis Hancock and Atthey. Jaws with few large, laterally com- 
pressed, triangular teeth. A. wardi H. and A. from Coal Measures of 
Staffordshire, Northumberland, and Midlothian. 

Eupleiirogmus M‘Coy. Carboniferous ; Victoria, Australia. 

Incektae Sedls. 

Family 1. Protodontidae. 

Teeth cuspidate, in transverse series curving round the cartilage of the jaw, those 
of each series fused together hy their expanded bases. Upper Silurian and Lower 
Devonian. 

Provisionally placed with the Acanthodians on account of the appearance 
of the top of the head, and the resemblance of the teeth of Proiodus to the 
symphysial teeth of Ischnacanthus. 

Protodus A. S. Woodw. (Ancistrodus, Campylodus Rohon). Dental crown 
a single conical cusp, which is solid or with very small pulp-cavity, and 
invested with ganodentine. P, scoticus E. T. Newton sp., known by imperfect 
head from Lower Old Red Sandstone, Forfarshire.^ P, jexi A. S. Woodw. 
Lower Devonian; Campbellton, New Brunswick. Teeth from Isle of Oesel 
and Portugal. 

Doliodus Traquair. Dental crown of three or more cusps in line, the 
outer larger than the intermediate cusps. D. prdblematkus A. S. Woodw. sp. 
Lower Devonian ; Campbellton, New Brunswick. 

Some minute teeth {Palaeodus, Archodus Rohon ^) found mingled with 
Conodonts in the Ordovician near Petrograd may also belong to Acanthodians. 
They have a central pulp-cavity from which fine canaliculi pass into the 
dentine. 


Order 2. PLBUROPTBRYGII.^ 

Palaeozoic Elasmobranchs with persistent notochord and endoskeleton more or less 
calcified, Pterygoqimdrate arcade movably articulated with the cranium. Paired 

^ Woodward, A. S,, Quart. Journ. Geol. Soc., vol. Ixxi., Proc, p. Ixvii., 1915. 

® Rohon, J. V., Bull. Acad. Imp. Sci. St. -Petersb. , vol. xxxiii., p. 269, 1889. 

® CopCt E. D,, On Symrrwrium,, Amer. Nat., 1893, p. 999, and Journ. Acad. Nat. Sci. Philad. 
[2], vol. ix., p. 427, 1894. — Dean, Bashford, Contributions to the Morphology of Gladoselache. 
Journ. Morphol,, voL ix., p, 87, 1894. — A new Cladodont from the Ohio Waverly. Trans. New 
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fins supported hy unjointed, parallel radial cartilages, which may he partly fused at 
the base, hut extend directly outwards to the edge of the fin membrane. Pelvic fins 
of male without claspers. 

In the Pleuropterygii the vertebral axis seems to have remained unseg- 
mented, and in the typical genus Cladoselache the tail is strongly hetero- 
cercal. The teeth are of the form commonly known as Cladodus (Fig. 80) 
in the Carboniferous formations, and several series must have been functional 
at one and the same time. 


Family 1. Cladoselachidae. 

Orbit surrounded hy a ring of thin plates of dentine. Teeth cuspidate, tvith 
flattened expanded base. No dorsal fin spines. Caudal fin heterocercal. Upper 
Devonian and Carboniferous. 

Cladoselache Dean {Monochulod.us Clay[)ole) (Fig. 79). The only well-defined 
genus hitherto discovered. The form is elongated and round-bodied, with a 



Fia. 75‘. 

Cladosehuhe fyleri Newb. sp. Restorod by Dean; about Vh Upi>er Devonian (Cleveland Shale); 

Ohio. 


short blunt snout and forwardly placed eye. Circumorbital ring consisting of 
several series of thin, irregularly quadrangular small plates. 

Mouth terminal, and hyomandibular cartilage slender. 

Teeth largest, longest, and most acutely pointed at the 
symphysis of the jaw, smallest and shortest at the angle 
of the mouth. Each tooth with one principal cusp and a 
variable number of lateral cusps, fixed on the anterior 
border of a horizontally expanded base ; the base of each 
tooth overlapped by its successor behind. Paired fins ToS?naturau?z^^^^ 
lappet-like, the pelvic pair with somewhat extended base ^niferous Limestone; 
line. Two low dorsal fins, without spine. Anal tin not Davis), 
yet observed. A short dermal expansion forming a hori- 
zontal keel on each side of the caudal pedicle just in advance of the strongly 

York Acad. Sci., vol. xiii., p. 115, 1894. — The Finfold Origin of the Paired Limbs. Anat. Anz., 
vol. xi., p. 673, 1896. — Studies on Fossil Fishes. Mem. Amer. Mas. Nat. Hist. N. York, vol. 
ix., pt. 6, 1909.— Fournier, G., and Pruvosi, P., Poissons elasmobraiiches du marbre noir de 
Denee. Mem. Soc. G^ol. Nord, vol. ix., no. 2., 192^.— JaekeU 0., Uber die Beiirteilung der paarigen 
Extremitdten. Sitzb. k. preuss. Akad. Wiss., vol. xxvi., p. 707, 1909 [on this see Woodward, 
A. S., Proc. Linn. Soc., Sess. 133, p. 31, 192\\—P'nvimt, P., Description de Denax<t foumuri. 
Bull. Acad. Roy. Belg., Cl. Sci., 1922, p. 213.— •rmgmiV, R. U., On Cladodus milsoni. Trans. 
Geol. Soc. Glasgow, vol. xi., p. 41, 1897. 



Fkj. 80. 
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beterocorcal caiidal fin. Skin more or less armoured with minute lozenge- 
shaped denticles, which are apparently not enamelled. 0, kepleri, 0. fyleri 
Newb. sp., and other species sometimes nearly two metres in length, from the 

Cleveland Shale of Ohio. 

— ^ The teeth termed Cladodus 

(Fig. 80) occur isolated in the 
Upper Devonian of liussia and 
Germany, and in the Lower 
Carboniferous of England, Scot- 
land, Ireland, Belgium, Enssia, 
India, and North America. 
They are also recorded from the 
Upper Carboniferous both of 
Europe and North America. 
These teeth, however, belong 



Fia. «i. 

(’l^lodus imlsm i I’raimair. Pectoral arch and fins. Lowrr C’ar- 
bonif'erous (Calciferous Sandstone); Lanarksliiro. n.Sr, r.Sr, lelt 
and riglit halves of pectoral arch ; wit, metapterygiuin, with seg- 
ments numbered l-ll. About V;j nat. size (after Traquair). 

to genera of at least two families, and perhaps to 
other Orders besides the Pleuropterygii, Cladodus neiU 
soni Traq. (Fig. 81), from the Calciferous Sandstone of 
East Kilbride, Lanarkshire, is known by the imperfect 
head associated with a very remarkable pair of pectoral 
fins. Symmorium reniforme Cope, from the Coal 
Measures of Knox Co., Illinois, U.S.A., is a nearly 
similar fossil. Denaea (or Denea) fcmrnieri Pruvost, 
from the Lower Carboniferous of Den^e, Belgium, is 
also nearly related. 

The genera Dicentrodus Traquair and FhoehoduSy 
Lamhdodus St. John and Worthen are founded on 
detached teeth from the Carboniferous Limestone, of 
uncertain affinities. 

Family 2. Otenaoanthidae.^ 

No circumorbital plates. Teeth cuspidate, with flattened Fio. 82 . 

expanded base, A spins in fvont of each of the two dorsal ctenamnthv $ dentiadouvs 
fins. Upper Devonian to Lower Permian. 

Ctenacanthus Agassiz (Sphenacanthus Agassiz) (Fig. M‘Coy). 

82). Dorsal fin spines laterally compressed, and the sides of their exserted 
portion ornamented with longitudinal ridges, which are usually crenulated or 
knotted, rarely smooth ; their posterior face flattened or concave, with a series 
of small denticles along each margin. Anterior dorsal fin far forwards, 

^ If can, B.f Mem. Amer. Mus. Nat, Hiet., voL ix., p. 242, 1909. 
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opposite the pectoral pair. (7. costellatus Traquair ^ is represented by a nearly 
complete fish from the Lower Carbonifei'ous (Calciferous Sandstone) of Eskdale, 
Dumfries, Scotland. C. darki Newberry - is known by the head and anterior 
portion of trunk with the pectoral fins and anterior dorsal fin spine from the 
Upper Devonian (Cleveland Shale) of Ohio, U.S.A. C. hyhodoideH Egerton, 
perhaps of the same genus, is represented by fin spines and teeth in the 
English, Welsh, and Scottish Coal Measures. Numerous fin spines (C. major 
Ag., C, denticulatns M‘Coy (Fig. 82), C. angusius Newb., etc.) from the Lower 
Carboniferous of Euroi^e and from the Upper Devonian to Permian of North 
America. 


Order 3. RHBNANIDI. 

Early Palaeozoic Elasmohramhs with ring-shaped vertebral centra. Cranial 
roof covered with dermal plates or tiiherrles^ more or Jess fused together, and traversed 
by grooves for the sensory canals ; mouth terminal ; narial openings close together in 
the cranial roof between the orbits ; a pineal foramen ; a pair of large prominent 
occipital condyles. A pair of large clavicles meeting below in a wide symphysis. 
Pectoral Jins supported by a few spaced, slemler, segmented radial cartilages, which 
are not f used into jdates at the base. 

Family 1. Asterosteidae.^ 

Cranial roof covered with tuherculated dermal plates ; orbits far forwards and 
directed upwards; the sensory canal forming a loop round the narial region. 
Trunk broad and depressed, with very large pectoral fins extending forwards to the ' 
middle of the head, small pelvic Jins, and a small slender tail. Devonian. 

Asterostens Newberry. Known only by middle part of head shield, which 
is covered with stellate tubercles irregular in size and arrangement. A. 
stenocephalus Newb., with skull nearly 20 cm. long. Middle Devonian ; Ohio 
and New York, U.S.A. 

Gemiiendina Traquair. Teeth apparently minute. Trunk gradually 
passing into the tail, which bears a small spinous dorsal fin but no caudal fin. 
Anterior vertebrae fused together, and directly supporting the scapular part 
of the pectoral arch. Dermal tubercles as in Asterostens ; separate longitudinal 
rows of small overlapping scutes on the tail. G. stuertzi Traq., known by 
nearly complete fishes about 25 cm. long. Lower Devonian ; Bundenbach, 
Rhenish Prussia. 

Family 2. Jagorinidae.^ 

Cranial roof covered apparently only with tubercles. Numerous small multicuspid 
teeth. Upper Devonian. 

Jagorina Jaekel. Known by associated remains of cranium, teeth, and 
pectoral arch. J. pamiora Jaekel. Upper Devonian ; Wildungeii, Germany. 

^ Traquair, R. H., Geol. Mag., 1884, p. 3, pi. Wood ward, A. S., Proc. Linn. Soc., Sess. 

133, p. 32, 1921. 

* Dean, B., loc. cit , p. 249, pi. xxxiii., 1909. 

^ Broili, F., t^ber Oerniindina startzi Traquair. Abhandl. Bay. Akad. Wiss., math.-naturw. 
Abt., u.f., no. 6, 1930.— J. S., in Rep. Geol. Siirv., Ohio, vol. ii., pt. ii., p. 36, 
1876 ; also Palaeoz. Pishes, N. America, p. 45, 1889. 

* Jaekel, O., Scliadelprobleme. Palaoont. Zeitsclir., vol. iii., p. 217, 192L ®t<fo Stensiii 
JCrA., Field Mus. Nsb Hist. Chicago, Publ. 232, p. 182, 1925, and Medd. om Gr0nlaiid, vol. 86, 
no. 1, p. SO, 193L 
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Order 4. STEGOSELACHII. 

Late Palaeozoic Elai>mohranchs with persistent notochord. Cartilage of cranial 
roof partly covered with {or enclosing) some symmetrically arranged ossifications. 
Pferygoqnadrate arcade morably articulated with the cranium. No clavicular arch. 
Pectoral fins supported hy parallel rmlial cartilages which are not fused at the base. 


Family 1. Cratoselachidae.i 

Cranial roof with a conical pineal plate, a pair of plates in front and two 
median plates behind. [Dentition Unknown,^ Lower Carboniferous. 


Cratosekiche A. S. Woodward (Fig. 83). Known by associated cranial roof, 
cartilages of jaws, and pectoral 



arch. C. pruvosti A. S. Woodw. 
Lower Carboniferous ; Den^e, 
Belgium. 


Order 5. ICHTHYOTOMI.^ 

{Proselachii Dbderlein.) 

Palaeozoic Elasmobranchs 
with endoskeleton well calcified, 
but no membrane calcifi, cations. 
Pterygoquadrate arcade movahly 
articulated with the criinium. No 
circumorbital plates. Fire gill 
arches. Notochord persistent. 
Neural and haemal arches of verte- 
bral axis long and slemler. Pec- 
toral fins with long, segmented axis 
from which smaller cartilages 
diverge on either side ; pelvic jins 
of male with appended clasper ; 
caudal fin diphycercal. 

Family 1. Pleuracanthidae. 

gg Body slender, but slightly de- 

Cr«to^lach. A. S. ^Ldw.rd. Part, of crautol roof, terminal. Teeth 

.jaws, and pwtornl arch. Lower Carboiiiferouw ; Denee, Belgium, with tWO principal divergent CUSpS, 
amd, anterior median dorsal plate ; U, basal cartilages of t • j 7 * 7 ? *,7 

pectoral tin ; /, rays of pectoral fln ; md, rami of lower jaw ; occ, Branchial arCflCS provided With 

(^t^g^ftdrates) ; x, undetermined. 1/2 size (after A. S. jin elongate, loW, COUtinUOUS olOTig 

the hack from a point shortly 
behind the head ; slender fin supports more numerous than the neural spines* Lower 
Carboniferous probably to Upper Triassic. 


^ Woodward, A- S., Cratosdache pruvosti gen. et sp, iiov., Livre Jubilaire, Soc. Gt^ol. Belg., 
p. 59, 1924. See also Fournier and Pruvost in footnote, p. 57. 

® Beyrich, E,, tTber Xenacardhus. Monatsb. Berlin. Akad., 1848, pp. 24-83. — Broili, F., 
iyb&T Biacranodus texensis Cop&.^ Neues Jahrb. f. Min., Beil,-Bd. xix., 1904. — Brongniart, C , 
Bull. Soc. Industrie Min. (Saiiit-Etienne), scr. 3, vol. ii., livr. 4, 1888.— H. /)., Proc, Ainer. 
Phil, Soc. 1884, p. 572. — Davis, J, W., On the Fossil Fish-remains of the Coal Measures iu the 
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The Plearacanthidae occur in the coal-bearing strata of the Carboniferous 
system and in the Lower Permian of Europe and North America. One 
species is also known by a nearly complete skeleton from the Wianamatta 
Formation of New South Wales. For the isolated teeth of Pleuracanthidae 
various generic names have been proposed, e.g. Diplodns Ag., OrModus, 
Aganodns, Pkr nodus Owen, Triodus Jordan, Thrinacodns St. John and Worthen ; 
for isolated spines, the generic names Conipsacanthus Newberry, Orthacanthus 
Ag., and Lophacanthus Stock ; for the clustered denticles of the branchial 
arches, the name Stemmatias Hay (Stemmatodus St. John and Worthen). 

Pie iir acanthus Ag. {Diphdus Ag. ; Triodus Jordan; Xemcanthus Beyrich ; 
1 Didyinodus Cope; Diacranodus Grarman ; 'i Hi/psospondijlus Jaekel) (Figs. 84- 
87). Head broad, semicircular in front, and provided behind with a long, 
slender dermal spine, which is hollow, either rounded in section or antero- 
posteriorly compressed, and bears a double longitudinal series of recurved 



Fig. 84. 

Plenrncanthus scsaUh Jordan .sp. Restoration by Jaekel, about size. Lower Permian (Rothliegendes) ; 

Lebach, Rhenish I’l-ussia. 


denticles (Fig. 86). Teeth (Fig. 87) with two large divergent cusps fixed 
on a stout common base, and frequently a small third cusp between these 
{Diplodns Ag.). Five branchial clefts laterally placed in advance of the stout 
and broad, arched jiectoral girdle, of which the two halves are fused ventrally 
but separated dorsally. Pectoral fins large, articulated with the postero- 
inferior angle of the pectoral girdle, and consisting of a segmented axis 
fringed on either side by cartilaginous rays. Pelvic supports in the form 
of a pair of separate triangular cartilages ; basipterygium of pelvic fins 
segmented, fringed on one side with a series of cartilaginous rays, and 
continued behind into the clasper in the male. Two small anal fins, directly 
supported by the haemal arches. Caudal fin separated both from the anals 
and from the dorsal. Skin probably destitute of shagreen. 

Complete skeletons are known from the Rothliegendes of Lebach, near 
Saarbriicken, in Rhenish Prussia (Fig. 84), and of Braunau (Fig. 85), in 
Bohemia, and Ruppersdorf, in Silesia ; from the Lower Permian Gas-Coal of 
Bohemia ; from the Coal Measures of Commentry in France ; and from the 

British Islaiuls. 1. Pleiirar.aiithidae. Trans. Roy. Dublin Soc. [2], vol. iv., p. 703, 1893. — 
iyoderlein^ Z., Zool. Auzeig., vol. ii., p. 123, 1889. — Fritsch^ /t., Fauna der Gaskohle, vol. ii. 
Prague, 1888-89. — Ooldfuss, A., Neuea Jahrb., p. 404, 1847, and Beitriige zur vorweltlichen Fauna 
des Steinkohleugebirges, p. 23, pi. v., tigs. 9, 10. — Jaekel, 0., Uber die Organisation der 
Pleuracanthideii. Sitzungsb. Ges. naturf. Freunde, Berlin, 189.5, p. 69. — Neue Rekonstruktion 
y on Pleur acanthus sessilis. Loc. cit.^ 1906, p. 155. — Kner, JL, Sitzungsb. k. Akad. Wiss. Wien, 
niath.-naturw. CL, vol. 55, p. 540, 1867. — Koken, E., Bber Phuracanthus Ag. und XenacaiUhus 
Beyr. Sitzungsb. Gea. naturf. Freunde, Berlin, 1889, p. 77. — Reis, O. M., Das Skelett der 
Pleuracanthiden. Abbandl. Senckenberg. Naturf. Ges., vol. xx., p. 57, 1897. — Bber perinische 
Pleuracanthideureste. Geogn. Jahreshefte, Miinchen, vol. xxvi. , p. 155, 1913, — Wood^mrd, A, S., 
Mem. Geol. Surv. N.S. Wales, Palaeont., no. 10, p. 2, 1908. 
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Wianamatta Formation of New South Wales (P. parvidens A. S. Woodw.). 
Complete skulls have been found in the Coal Measures of Northumberland 



«5. 


Pleuraranthua (XenaemUhiis) decheni Goldf, Lower Permian ; Biaunan^ 
Bohemia, x Va- anterior portion of fish. Ji, detached teeth, magnified 
(after P. Ronmer). 


A It 



Ff*i. Sii. 


1 ‘leuracnnthus {Ortlawan thus) 
hokcmirns Frilseh. Lower 
Perniien (Oas-Coal); Krot- 
sclinw, Bohemia. A, side 
view. It, liiiider view. r, 
transverse section, Natural 
size. 


A 



Fio. 87, 


Phuracanthus (Diplodus) ho- 
hemicus Quenst. Ttxjih in 
Bide view (A), and hinder 
view (B). Lower Permian 
(QaH-Coal) ; Niirschan, near 
Pilsen, Bohemia. Natural size. 


and in the Permian of Texas {Didymodus, Diacranodus). Isolated teeth and 
spines are very abundant in the Carboniferous and Permian. Teeth resem- 
bling Diplodus occur in the Keuper of Somerset (Triplodus Moore, Proc. Geol. 
Assoc., vol. vi., p. 198, 1880; Diplodus rnoorei A. S. Woodward, Ann. Mag. 
Nat. Hist. [6], vol. hi., p. 299, 1889). 

Anodonfucanthus Davis. Dorsal spines without denticles. Carboniferous ; 
England and Scotland. 

Chondrenchelys Traquair. No dorsal spine. C, probkmatica Traq. Lower 
Carboniferous (Calciferous Sandstone) ; Dumfries, Scotland. 
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Order 6. SBLACHII. Sharks and Skates or Rays. 


Endoskeleton more or less calcijii 
quadrate arcade movahly articulated 
with the cranium. Gill clefts un- 
covered, Vertebral axis segmented in 
all hut the earliest types. Faired Jins 
with two or three short basal cartilages ; 
pelvic fins of male with appended 
claspers, 

Sub-Order 1. EUSELACHII.^ 

Teeth developed in numerous and 
rapid succession, Placoid scales (or 
shagreen) rarely fused into plates. 

A. Branchial clefts lateral. 

Sharks. 

Family 1. Edestidae.- 

I'eeth Orodus - like.y but the sym- 
physial row (perhaps sometimes double 
row) of teeth in each jaw much enlarged^ 
laterally compressed, and fused into 
an arch, which either falls away at 
intervals or persists throughout life as 
a spiral. Lower Carboniferous to 
Permian. 

Carnpodus de Konirick^ (Agas- 
sizodus St. John and Worthen ; 
Arpagodus Trautschold) (Fig. 88). 
Symphysial teeth moderately com- 
pressed, with lateral extensions well 
developed and inclined forwards, 
buttressed at least on the anterior 


I, but no membrane calcifications. Fierygit- 



Fi(i. 88. 


(.'ampodus wiriabilis Newberry and Worthen sp. Lower 
dentition (1) compared with that of the existing Cestracion 
(2). Upper Carboniferous ; Nebraska. Va (after 

Kastman). 

or outer face ; root not much clasping the 


^ Garttian, S., The Plagiostoraia (Sharks, Skates, and Rays). Mem. Miis. Comp. Zool. 
Harvard, vol. xxxvi, 1918. — Jaekel, 0., Die eociiuen Selachier vom Monte Bolca. Berlin, 1894.-— 
Mdll&Cy J., and IlenJe, F., Systemati-sche Beschreibung der Plagiostcmen. Berlin, 1841. — Kegan, 
0. T., A Classification of the Selachian Fishes. Proc. Zool. Soo., 1906, p. 722. Also Alessandri, 

G. de, Pesci terziarii del Piemonte. Mem. K. Acead. Sci. Torino (2], vol. xlv., 1896. — Ih^ring, 

H. von. Die miocane Selachierfauua von Scliwaben und ihre Beziehungen zu andereu Teriiar- 
faunen. Neues Jahrb. f. Min., etc., Beil.-Bd. 57, Abt. B, p. 466, 1927. — Jaekel, 0., 
Unter-tertiiire Selachier aus Siidrussland. Mem. Com. Gcol. St.*PiHersb., vol. ix., no. 4, 1895. — 
Leriche, M., paper.s quoted on p. 3. — Xoetlmg, F., Die Fauna des samlandischen Tertiiirs. 
Abhandl. geol. Special k. Preussen, vol. vi., pt. 3, 1885. — Prohst, J., Beitrage zur Kenntniss der 
fossilen Fische aus der Molasse von Baltringen. WUrttomb. naturw. Jahresh., 1874, 1877, 
1878, and 1882. — Stroimr, i?., Wirbeltierreste der Baharije-Stufe (unterstes Cenouiaii). Die 
Plagiostomen. Abh. Bay. Akad. Wiss., math. -naturw. Abt., vol. xxxi. , no. 5, 1927. — White, 
E. I., papers quoted on p. 8. — Woodward, A. S., Some fish-remains from the Parana Formation, 
Argentine Republic. Ann. Mag. Nat. Hist. [6], vol. vii., p. 1, 1900. 

Uay, 0. P., All important specimen of Ei^tus. Proc. U.S. Nat. Mus. , vol. xlii., p. 31, 1912. 
— Woodward, A. S., A new species of JSdestus. Quart. Journ. Geol. Soc., vol. Ixxii., p. 1, 1916. 

* Eastman, C, R., Bull. Mus. Comp. Zool. Harvard, vol. xxxix., pp. 57, 184, 1903. — Lolwst, 
Ann. Soc. Geol. Belg., vol. xi, p. 305, 1883. 
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next tooth ; the fused teeth falling away at intervals. Small lateral teeth 
buttressed on the outer, often also on the inner face. C. variahilis Newb. 



Fio. S9. 

Edestus crenulatm Hay. Upper Carboniferous ; Illinois, nat. size (after Ilay). 


and Worth, sp. (Fig. 88) from Coal Measures, U.S.A. Other species from 
Lower Carboniferous of England and Belgium, and from Upper Carboniferous, 
Mjatschkowa, Moscow. 



Fio. 90. 

IMicoprion beasonowi Karpinsky. Permo-Carboniferous (Artinskian) ; Perm, Va nat. size (after Karpinsky). 


Edestus Leidy (Fig. 89). Symphysial teeth much laterally compressed, 
serrated, with lateral extensions greatly reduced and inclined backwards ; 
root large and deeply clasping next tooth ; the fused teeth falling away at 
intervals. Small lateral teeth as in Campodus. E, vorax Leidy, E, minor 
Newberry, E, mirus, crenulatus Hay, from Coal Measures, U.S.A., E. newtoni 
A. S. Woodw., from Millstone Grit, Yorkshire. Other species from Upper 
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Carboniferous, Moscow, and marine bands in the English and South Welsh 
Coal Measures. 

Toxoprion Hay.^ Symphysial teeth much laterally compressed, serrated, 
with lateral extensions much reduced and inclined forwards ; teeth of young 
relatively broad and largo. T, leconiei Dean sp. Coal Measures ; Nevada, 
U.S.A. 

Hdicoprion Karpinsky ^ (Carnpyloprion Eastman ; Lissoprion Hay) (Fig. 90). 
Symphysial teeth much laterally compressed, serrated, with small lateral 
extension inclined forwards ; root small but firmly clasping next tooth ; the 
fused teeth ])ersisting throughout life and forming a spiral. II, hessonowi 
Karp. (Fig. 90) from Perm o Carboniferous, Perm (Russia) and Japan. Other 
species of same age from Russia, U.8.A., Canada (Alberta), India, and West 
Australia. 

Paraheliroprion Karpinsky. Intermediate between Cainpodns and. Helicoprion, 
Probably with dermal spines named Xysiramnthtii< Leidy. Permo-Carboniferous; 
Krasnoufimsk, Ural. 

According to H. Schmidt,*^ the dentition of JHcrenodus Romanowsky (Car- 
cliaropsis Davis, PrisfirJadoduf} M‘Coy), from the Lower Carboniferous of Russia, 
Germany, Scotland, Englaiid, Ireland, and North America, is arranged on the 
same plan as that of IJdedus, except that the enlarged symphysial teeth are in 
doul>le series and not fused together. Hyhodopsis W. J. Barkas, from the 
English Coal Measures, and Me^odnwd ns, Jlyhocladodus St. John and Worthen, 
from the Lower Carboniferous of Iowa and Illinois, U.S.A., may be related. 

Family 2. Hybodontidae.^ 

Teeth numerous^ mostly obtuse, never fused into continuous plates; several series 
simultaneously in function. Notochord. j)ersistent. Some ribs long and slender ; 
mural arches a.lso long and slender. Each of the two dorsal fins armed with a spine, 
which is as deep as the fin ; the spine ornamented on the sides and bearing one or 
two rows of posterior denticles, Jnal Jin nit h out spine. Tail heierocercal. Paired 
hooked head spines often present. Devonian or Lower Carboniferous to Cretaceous. 

? Protacrod'us Jaekel. Upper Devonian; W’ildungen, Germany. 

? Eobrodus Branson. Upi)cr Devonian ; Missouri, U.S.A. 

Orodus Ag. (Scoliorhiza Raymond) (Fig. 91), known only by obtuse 
elongated teeth. The dental crown raised in the middle, and its surface 
marked with more or less prominent wrinkles, which rise from each long 
margin or from a median longitudinal crest. Base of tooth very stout. 
0. rarnosus Ag. (Fig. 91), and other species from the Carboniferous Limestone 
of Britain and Belgium, and the Carboniferous of Russia. Also numerous 
species in corresponding American formations, one specimen said to show 

* Hay., <K !\, Proc. U.S. Nat. Mus., vol. xxxvii., p. 66, 1909. 

2 Karpinsky^ A., Verhaiull. K. Russ. Min. Ges.^St. Petersb. [2] vol. xxxvi., p. 361, 1899 ; vol. 
xlix., p. 83, 1912. — Bull. Soc. Oiiral. Sci. Nat. jSlkaterineboiirg, vol. xxxv., p. 117, 1915. — Bull. 
Acad. Imp. Sci. St.- Petersb., 1916, p. 701. —Sur nne nouvelle trouvaille de restes de Paraheli- 
copt'ion, et sur les relations de ce genre avec Campodus, Livre Jubilaire, Soc. Gool. Belg., 
p. 127, 1924. 

® Schmidt, H., Ein den Kdestiden ahnliches Haigebiss aus^dem Kulm dea Harzes. Palaeont. 
Zeitsebr., vol. xi., p. 82, 1929. 

* Jaekel, 0., Die Seliichier aus dern oberen Muschelkalk Lothringens. Abb. geol. Specialkarte 
Elsass-Lotbringen, vol. iii., pt. iv., 1889.—tJber Hyhodus Ag. Sitzb. Ges. nntnrf. Freunde, Berlin, 
1898, p. 136. 
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a dorsal fin spine resembling Ctenacanthus Ag. One species in Alberta, 
Canada. 

Tristychius Ag.^ {Ftychacanihus Ag.) (Fig. 92). Dorsal fin spines with a 
few sharp longitudinal ridges distally, three only — one upon the front margin 
and one on each side — extending far downwards in the type 
species. Teeth of shape named Lophodus Romano wsky. 

T, arcmtus Ag. Lower Carboniferous ; Scotland. 

JP^odnika Munster (Fig. 93).- Large gently, rounded, 
smooth crushing teeth. Dorsal fin ^ spine with coarse 
longitudinal ridges. PF. driatnla Miinst. (Fig. 93), from 
Kupferschiefer, Thuringia and Hesse, and Marl Slate, 

Durham. 

Lophodus Symonds. Teeth hollow with relatively 
thick layer of ganodeiitine ; lateral teeth elongated. 


Kn;. ‘.tJ. 

Oroihu'i ramosui A«. Carboniferous TJmestoiie ; 
Armagh. ^/2 size (after Davis) 


compressed, and keeled ; sym- 
physial teeth tricuspid. Dorsal 
fin spines as in Hyhodus^ but 
denticles between posterior keel 
and edges. L. keuperinus Murch. 
and Strickl. sp. ( = Phoebodus hrodiei 
A. S. W.). Keuper ; England. 

Nemacanilms Ag. (Desmacavihus 
Quenstedt). Dorsal fin spines with 
enamelled keel on front edge, sides 
more or less tuberculated, and a 
row of small denticles along each 

W(uinika atriatulaUym^t. Knlargwd. KupferHchiofer ; posterior f^Ce. N, 

RlechelHdorf, H««se. >l,Fin«pinu. R, Shagreen granules. UlOTlthfer Ag. RhaetlC ^ England, 

France, and Wurtemberg. Other 
species in the German Muschelkalk and in the Triassic of N. Italy, Spitzbergen, 
and Idaho, U.S.A. AT. brevis Phillips, Stonesfield Slate. 

Hybodus Ag.^ (Meristodon Ag. ; Polyacrodus, Orthybodus, Parhybodm Jaekel) 
(Figs. 94, 95). Teeth and dorsal fin spines almost as in Ctenacanthus, but 

^ Woodivardf A. S ., Quart. Journ. Geol. Soc., vol. Ixxx., p. 338, 1924. 

® Weigeltf Leopoldina (Halle), vol. vi., p, 602, 1980. 

* For literature see Koken, uber Hybodus, Palaeont. Abhandl, f.n., vol. v., 1907, and 
Woodvxirdi A, S,, Wealden and Purbeck Fishes. Mon. Palaeont. Soc., 1916. 





Fi(i. 

Tr Isti/ckhis a retto tuji 
Ag. Dorsal tin spintf(^), 
shugreoii-sc.ale (/f). uml 
tooth (C), about natural 
size. Lower CarboJii- 
tVrouH ; {Scotland (alter 
Stock). 
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double series of denticles on hinder face of fin spine median, not laterally 
placed. Symphysial teeth few and relatively large. The greater part of the 

dental crown consisting of vasodentine. 
One or two large hook-shaped, serai-barbed 
dermal si)ines (Sphemnchus) immediately 
behind each orbit, at least in the male. 
Shagreen sparse, consisting of small coni- 
cal, radiately grooved tubercles, which are 
sometimes fused into groups of three. 
Numerous species ranging from the Trias 
to the Lower Cretaceous. Teeth of II, 


VI li u 

Frij. 05. 

Teeth of //;j/fco(7w.s-. A, H. plicutilU A^. Miischel- 
kalk ; Laineck, near liayreuth. li, H. reticuhitus 
Ag. Lower Lias; Lyme Kegis, Dorset. //. 
polyprion Ag. Lower Oolite (Stoncstleld Slate) ; 
Stonesfield, Oxfordshire. 


plicatilis Ag. (Fig. 95, J), abundant in the ISIuschelkalk, allied species in the 
Trias of Spitzbergen. Nearly complete skeletons from the Lower Lias of 
England {H. delahechei Charlesworth ; II, retinilatus Ag., Fig. 95, B), the Upper 


A 



Fuj. 00. 


Acrodus anningiae Ag. D<uitition, 1/3 natural size. Lower Lias ; Lyme Regis. 
A, Symphysis. B, Detached tooth, seen from side and above, natural size. 


Lias of VVurtemberg {H, hauffianus Eb. Fraas) (Fig. 94), and the Lithographic 
Stone (Upper Jurassic) of Bavaria {H, fraasi Brown), Fine skulls from 
Wealden, Pevensey Bay, Sussex {H, basanus Egert.). Portions of skeleton 
also from the Upper Beaufort Beds of Orange River Colony, 

S. Africa {II. africanus Broom), and from the Kimmeridgian 
of L6rida, Spain {H. modwardi Vidal). 

Acrodus Ag. {Thectodus Plieninger; Leiacanthus Ag.) (Fig. 

96). A genus only differing from Hyhodus in the rounded, 
non-cuspidate character of the teeth. Common in the Triassic 
and Jurassic, and ranging to the Upper Cretaceous. A. 
gaillardoti Ag., teeth from Bunter, Muschelkalk, and Keuper 
of Germany and France. A. minimus Ag., common in Euro- Fio. 97 . 
pean Keuper and Rhaetic, allied species in the Trias of 
California, U.S.A., and Spitzbergen. A. anningiae Ag. BdihS-t, wurtemSSgT ’ 
(Fig, 96), and A. nohilis Ag., known by fine specimens from 
the Lower Lias, Lyme Regis. A. levis A. S. Woodw., teeth from English Gault. 

Orthacodus A. S. Woodw. {Sphenodus Ag. nec Gray, nec Lund) (Fig. 97). 
Teeth very slender and erect, compressed, without lateral denticles ; the root 
broad and depressed, simple. 0. longidens Ag. sp. (Fig. 97) and other species 
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are Upper Jurassic. Apparently also Cretaceous (Oxyrhina hundyreni J. W. 
Davis, Trans. Roy. Dublin Soc., n.s., vol. iv., p. 393, 1890). 

Palaeobates Meyer. Teeth depressed, rounded, without lateral denticles and 
not keeled ; the crown consisting of dentine in which the fine tubules radiate 

from a small central pulp cavity. 
Trias of Europe and Spitz bergen. 
Bdellodus Quenstedt. All teeth 



quadrate, with slightly arched but flattened crown, superflcially ornamented 
with reticulate markings. Three paired series of square symphysial teeth, 
one pair of elongated lateral teeth. B. bollensis Quenst., from Upper Lias, 
Wiirtemberg. “ Strophodus thiollierei ” Dumortier. Middle Lias ; France. 

Asteracanthus Ag. {Strophodus Ag. ; Curtodus Sauvage) (Figs. 9 8’ 100). 
Principal teeth elongated, irregularly quadrate, with slightly arched but 
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fattened crown ; symphysial teeth few, smaller but relatively large, much 
arched, without lateral denticles, and longitudinally keeled ; all superficially 
marked by reticulating ridges (Figs. 98, 99). Head spines as in Hyhodus and 
AcroduSf but one pair smaller than the other. Dorsal fin spines (Fig. 100) 
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Oolites. Teeth also found in Prov. Iwaki, Japan, and in Madagascar. A 
doubtful tooth from Upper Trias, California (Strophodus shastensis H, C. Bryant, 
Bull, Dopt. Geol. Univ. California, vol. viii., p. 27, 1914). 


Family 3. Cestraciontidae. 

Teeth as in Hybodoiitidae. Vertehral centra cyclospondijlic or asterospondylic, 
llihs and neural arches very short and broad. Each of the two dorsal fins armed 
with a spine which is less deep than the Jin ; the spine almost or com2detely unorna- 
mented and, without posterior denticles. Anal fin without sjdne. Tail heterocercal. 
No head spines. Lower Jurassic to Recent. 


Palaeospinax Egorton (Anlakisanthus Teiqucm and Piette).^ Dentition 
comparatively specialised ; the few anterior teeth high-crowned and prehensile, 
with a single pair of lateral den- 

crowned, with tAvo or three pairs 
of lateral denticles reduced to 
minute beads. Vertebrae very 
slightly asterospondylic. Dorsal 
fin spines smooth and enamelled, 
sometimes with a few tubercles 
at the base. Shagreen fine and 
dense. F. priscus Egert., known 
by nearly complete specimens 
from Ijower Lias, Lyme Regis. 

Fragments of other s[)ecies from 
Upper Lias, Wiirtemberg, and 

{Molobrosichtiiys Ameghino) (Fig. 

101). Almost identical Avith 

1 alacOSpinaXj but teeth with nower Jaw of Il«cent Port .Jackson shark, rcs«racionj|^ft.i/ij5j>i 
more numerous lateral denticles, cm. Australia. nat. size. 


and vertebrae more distinctly 

asterospondylic. Complete jaw of S. duhrisiensis Mackie sp. (Fig. 101), and 
greater part of skeleton of same species known from the Lower Chalk of 
England. Tail of S. ejuncidus Lambe sp., from Edmonton Formation, Red 
Deer River, Alberta, Canada (Ottawa Naturalist, 1918, p. 27). Teeth of 
other species from various Cretaceous formations in Europe and N. Africa, 
Cretaceo-Tertiary of New Zealand, Chile, and Patagonia. One {S. clarki 
Eastman) from the Maryland Eocene, and others from Lower Eocene of 
France and Belgium. 

Cestracion Cuv. (Heterodontus Blainv. ; Drepanephorus Egert. ; Pseudacrodus 
Amegh. ; Paracestracion Koken) (Figs. 102, 103). Symphysial teeth small, 
numerous and prehensile, with a median cusp and one pair of lateral denticles ; 
lateral teeth in oblique series, with faintly keeled and finely rugose crown. 
Vertebrae asterospondylic. Dorsal fin spines smooth. Nearly complete 
skeletons from the Lithographic Stone (Upper Jurassic) of Bavaria (C. falcifer 


' Dean^ B., Mem. Amer. Mur. Nat. Hist., vol. ix., p. 254, 1909. 
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Wagn. sp., Fig. 102) and the Chalk of England (so-called Drepanephorus 
canaliciilatus Egert.). An immature fish, with the usual cuspidate teeth, fiom 
the Lithographic Stone of Bavaria, is named C. zitteli Eastman (Amer. Journ. 
Sci. [4], vol. xxxi., p. 401, 1911). Teeth from Lower and Middle Eocene 
of England and Belgium, and from the Lower Tertiary of Patagonia, New 
Zealand, and Australia. Existing in Australian and other seas. 

Family 4. Notidanidae. 

Teeth with one or more sharply painted eusps, usually laterally compressed ; root 
not forked. Six or seven pairs of gill clefts. Notochord largely persistent, and 
vertebral centra incomplete. A single umirmed dorsal and anal Jin, and a large 
heterocercal caudal fin. Middle Jurassic to Becent. 

Notidanus Cuv. [Ile.xanchus, Ueptanchus Muller and Ifenlc; Notidanion Jordan 
and Hannibal) (Figs. 104, 105). Principal teeth consisting of a series of 

compressed cusps fixed 
on a long base ] all the 
cus])s inclined in one 
direction, the anterior 
larger than the others, 
with or without small 
denticles at its base in 
front. Anterior teeth 
of the upper jaw clus- 
tered, awl-shaped; a 
median oi* symphysial 


Fig 105. 

NotiiJaims jirinniienius Ag. 
liower toolh. Oligoceiifl; 
Wfiiiljoirn, ifesse Darmstadt. 
Natural 

series in the lower jaw. Principal teeth of the upper jaw less laterally 
elongated, with fewer cusps than those of the lower jaw. Kangc from Middle 
Jurassic to present day. N. muensteri Ag., represented by a complete skeleton 
from the Lithographic Stone (Lower Kimmcridgian) of Solenhofen, Bavaria, 
and N. gracilis Davis, by a smaller skeleton from the Upper (h'etaceous of 
Sahel Alma, Mount Lebanon. Detached teeth from the Oxford Clay of 
England and Coralliaii of Wurtemberg; from the Chalk of England (A^. 
microdon Ag.) and the Cretaceous of Madagascar and New Zealand [N. denfatus 
A. S. Woodw.) ; and numerous species from Tertiary formations (e.g. N. primi- 
genius Ag., Fig. 105). 

Xenodolaniia Leidy [Xiphodolamia Leidy).^ Lateral teeth with a single 
broad laterally compressed cusp. X. simplex Leidy, from Ashley River 
Phosphate Beds, South Carolina. X. eocaena A. S. Woodw. sp., from Eocene, 
England and Belgium. 

^ Leriche., M., Mom, Mas. Roy. Hist. Nat. Belg., vol. iii., p. 188, 1906. 




indir.us. 
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Chlamydoselache Garrnan. Teeth with broad, backward ly extended base, 
and the crown consisting of three slender, curved, subconical cusps, which 
are separated by a pair of rudimentary denticles. Wide distribution in 
existing deep sea. Isolated teeth in Pliocene of Tuscany {C, lawleyi Davis, Proc. 
Zool. Soc., 1887, p. 542), and in the Oligocene or Miocene of Trinity Island, 
Lesser Antilles {C, tohleri Leriche, Bull. Soc. Beige Geol., etc., vol. xxxviii., 
p. 5G, 1929). 

Family 5. Protospinacidae.^ 

As Spinacidae, hut a small anal Jin present. Upper Jurassic. 

Proiospinax A. S. Woodw. Teeth small, compressed to a sharp edge. 
Pectoral fins extending as far backwards as the j)elvic pair. Anterior dorsal 
fill spine opposite pelvic fins. Anal fin very small and remote ; caudal fin 
not notched. Shagreen dense and fine; lateral line sujiported by calcified 
rings as in Chimaeroids. P. annectens A. S. Woodw. Upper Jurassic 
(Lithographic Stone) ; Eichstiidt, Bavaria. 

[liiladamas Miinstcr, from the German Kuiiferschiefer, is also considered 
by daekel- to be related to the ancestry of the Spinacidae and may represent 
a separate family, the Ehmlamantidae. Rostrum elongated ; pectoral fin much 
resembling that of Acanthias.^ 

Family fi. Spinacidae (SqualidaeJ Spiny dog-fishes. 

Body f usiform to trihedral, somewhat depressed. Mouth gently arched ; snout 
obtuse. Gill clefts small ; spirades large, behind the eye. Pectoral jins not notched 
at their origin and not produced forwards ; the two dorsal Jins ojten armed with a 
spine ; anal fin absent ; caudal jin heferocercal. Upper Cretaceous to Recent. 

Centrophorus Miiller and Henle (Fig. 106). Dorsal fin spines present. 
U})per teeth erect, triangular, or narrow lanceolate, with a single cusp ; lower 

Fig. 107. Fio. 108. 

Acanthim radicavs Scynmus trianguliis 

Probst. Tooth, x 2. Probst. Tooth, x 2. 

Miocene (Molasso) ; Mioc,eiie (Molasse) ; 

Ualtrinjren, Whrtem- Baltringen (after 

berg (after Probst). Probst). 

teeth triangular and compressed, with the apex much turned aside. Upper 
Cretaceous, Sahel Alma, Mount Lebanon {Spinax primaevus Pictet). Tertiary 
and Recent. 

Acanthias Risso {Squad us Linn. ; Centrophoroides Davis) (Fig. 107). As 
Centrophorus, but teeth in upper jaw as in lower jaw. Upper Cretaceous, 
Sahel Alma, Mount Lebanon {Centrophoroides latidens Davis). Tertiary {A. 
radicans Probst) and Recent. 

Isistius Gill. Upper Cretaceous ; Egypt. Eocene ; Belgium. 

Centrina Cuv. Pliocene and Recent. 

* Woodward, A. S., Proc. Zool. Soc., 1918, p. 232. 

^ Jaekel, 0., 17. Jabresb. Niedersachsuscli. geol. Vereins, Hannover, p. 182, 1925. — For another 
interpretation see 0. M. Reis, Geogn. Jabresb., vol. xxvi., p. 157, 1913. 



Fio. lOb. 

Vertebra (central <1< m ble*con e) 
of Centrophorus. Upper Cre- 
taceous ; Maastricht (after 

Hasse)* 
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Scymnus Cuv, (Fig. 108). No dorsal fin spines. Upper teeth small, 
pointed ; lower teeth much larger, broad and compressed, triangular, ei ect or 
only slightly inclined laterally. Miocene to Kecent. 



Echinorhinus Blainv. {Goniodvs Ag.). 
Miocene to Kecent. 

Family 7. Pristiophoridae.^ 

Trunk fusiform. Syioiii much elongated 
and fiatfencdy without lateral cartilages^ but 
usually fringed on each border tvith pointed 
dermal teeth. Five or six jmrs of gill clefts. 
Vertebrae cyclospondylic. Pectoral Jins not 
extending forwards. The two dorsal jins 
without spines ; anal Jin absent ; caudal Jin 
diphycercal . Upper Cretaceous to Kecent. 

Propristiophorus A. S. Woodward. 
Snout without lateral teeth. P. tumidens 
A. S. AV., from Up})er Cretaceous, Sahel 
Alma, Mount Tiebanon. 

Prist iophorus M. and H. Jiostral. 
Teeth of unequal length, not serrated. 
Miocene to Kecent. 

Pliotrema Kegan. With six gill clefts. 
Kostral teeth serrated. Tertiary ; New 
Zealand. Kecent ; Indian Ocean. 

A rostrum, 17*5 cm. long, in some 
respects resembling that of Prisiiophorus 
but without lateral teeth, has l)een found 
in the Khaotic of the Bavarian Alps 
(Paineria Osswabl). Its aflinities are 
uncertain.- 

Family 8. Squatinidae. Aiigel-fiBhes 
or Monk -fishes. 


Fk.. ioi». 

snuati, ^ M/era rnxmt. sp. Uppor Trunk hwwl (ml dqwesfed. Veriehrae 

Einhst'idt, Uavaria. (Origitial over one metre long, tectoSVOiylyUc (Flff. 111). Tcetlh pointed 
in Pal.aeontologic^I Muaeutn, Municlt.) , ^ . , ' , , , 

aynd conical^ without lateral denticles^ on 
depressed root ; several series in function. Pectoral Jins large^ separated by a cleft 
from the head, so that the gill openings are still directed laterally. Two dorsal Jim 
on the tail, without spines ; anal Jin absent ; caudal Jin scarcely heterocercal. Skin 
covered with small placoid scales. Jurassic to Kecent. 


Squatina Aldrovandi {Hhina Klein; Thaumas Miinst. ; Phorcynis Thioll. ; 
Scaldia Le Hon; Trigonodus Winkler; Pseudorhina Jaekel) (Figs. 109-111) 
first appears in the Upper Jurassic and survives in the existing fauna. Com- 
plete skeletons of S. alifera Miinst. sp. (Figs. 109, 110); S. speciosa Meyer; 


^ Jaekel, 0., liber die system atische Stellung iind iiber fossile Reste der Gattung Pristiopkorus. 
Zeitschr. Deutseh. Geol. Ges., 1890, p. 86 ; also Archiv f, Naturgesch., 1891, p. 16. 

® Osswald, K., Raineria uov. gen., ein Selachier-Rostruiu aus dem alpineu Rlmt. Zeitschr, 
Deutseh. Geol. Gcs., vol. Ixxx. A. Abh., p. 496, 1928. 
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and S. aeardhode.rma Fraas, occur iti the Lithographic Stone of Bavaria 
and Wurtemberg (Niisplingcn) ; and the genus is also represented in the 

d iv 


A n 


Fio. no. 

Aj Sfjimtlna uli/rm Miinst. .s]). 
'I'otjlili, X 2. LTiJpttr .funissic 
( I StOTir) ; SoUiiihofeii. 
/**, Stiiiatina frnaiti i'roLst. 
'I'ooMi, < 2 . Miofoiic (Molusst*); 
Lalt riiigoti. 



ifi « 


Fio. 111 . 

LdiiKiOidinal .stH-.tion of Hip 
dylif vprtpbral poliirnn of SnHutiiia 
(tiiijdiis Linn, eh, imtoclioni ; d, puI- 
citipd (ioiiblp-coiip (b.isis t)l CPtifrum); 
ii\ iiitprv«‘ii.pbi-nl siwicp ; ir, vpitebry] 
c.pntia witli t'oncfiitno calcHied rings 




corrosj)omling forinatioii of Ccrin, Ain, France. A complete skeleton of 
S. hmmherijensis von der March is known from the Upper Cretaceous of the 
Baumberg, Westphalia ; and more fragmentary remains of S. mind A. S. 
Woodw. occur in the English Chalk. Numerous teeth and vertebrae in the 
Tertiary. S. oocidentalu Eastm., from the Maryland Miocene. 


Family 9. Scylliidae.^ 

Teeth sm'dl^ minhenms, and pointed, several series he.wtj ijeneraUi/ in function, 
Veriehrae asterospoiidiflic, ivifh .doni radiaiimj plates. Jtorsal Jins without spines, 
the anterior situated ahore or behind the pel rir Jins ; anal fin 
present ; caudal fin heterocercah Upper Jurassic to Uoccnt. 


lb ^ 


Fi<i. 112 . 


Pahumci/llifirn Wagner. Anterior dorsal fin o})posite 
pelvic })air, and posterior dorsal arising in advance 
of anal, which is small, i’./wwwi/w Wagti., and 1'. minus 
A. S. Woodw., known by nearly coni])lete lis]ic.s from Tooih, x 2 . Mionenn (Mo- 

T 1 • c’lj ^ las.sp); Halti iiigeii (ttfter 

Lithograjihic Stone, J>avaria, Prob.st). 

Scylliuni Cu\l (Scf/Jliorhinus 131 v. ; ThyelUna, Scylliodns 
Ag.) (Fig. 112). Origin of anal fin always in advance of that of posterior 
dorsal fin. Teeth delicate, with a high middle cus]) and generally one or two 
small lateral denticles. Nearly complete fishes from the Up])er Cretaceous 
of Westphalia {S. amjustum Ag. sp.) and Mount Lebanon 
{S. elonrfatum Davis sp.) ; also numerous detached teeth 
from the Chalk and Tertiaries (Fig. 112). Recent. 

Pristiwms Bonap. As Scyllinm, but with a series 
of small fiat spines on each side of the upper edge 
, of the caudal fin. P. hassci A. S. Woodw., a small 

ihniUytuostoma hlawl'enhorin . t-i ^ 

stiomer. Tooth, fmrn the .suIh spccics frotn the Lithographic htone 01 Eiclistadt, 
(a) and from ontwanls (h), iiat. -ia 

Eocene ; Egypt. Bavana. Kecciit. 

Mesiteia Kramberger. Snout produced. Teeth 
minute and tricuspid. Anterior dorsal fin above or behind jievlic jiair ; anal 
fin much extended. Tail excessively elongated, without dermal scutes or 
spines. Shagreen absent or very delicate, and lateral line supported by a 
series of calcified rings as in Chimaeroids. M. emiliae Kramberger, from 

^ Lericlie, Jf., Deux Seylliidae nouveaux du Paleocpiie de Landana, Congo. Rev. Zool- 
Africaiue, vol. xv., p. 398, 1927. 


A a 


Fuj. 113 . 
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Upper Eocene, Monte Bolca, near Verona; M. sahel-almae Piet, and Humb. 
sp., from Upper Cretaceous, Mount Lebanon. 

Cantioscjjlihm A. S. Woodw. Chalk; England. 

Chilosq/llium Muller and Henle, and Ginglymoaioma Muller and Henle 
(Plicodus Winkler ; Acrodobaiis Leidy) (Fig. 113). Tertiary and Recent. 

Crossorhinus Muller and Henle (Orer.folohus Bonap.). 0. jurassirun A. S. 
Woodw.^ Upper Jurassic (Lithographic Stone) ; Eichstadt, Bavaria. Recent. 

Family 10. Lamnidae. 

Teeth pointed and usually large, with or without lateral denticles, the root 
hifurcated, and thi pulp cavity completely filled tvith vasodentine ; one series only in 
function at a time. Vertebral centra asterospondylic ar partly tectosp&ndylic. 
Dorsal fins without spines, the anterior situated opposite to the space between the 
pectoral and pelvic fim ; anal fin present ; caudal fin heterocercal. Cretaceous to 
Recent. 

Scapanorhynchns A. S. Woodward (llhinognathus Davis nec Fairmaire ; 
Mitsukurina Jordan). Body slender, snout much elongated. Second dorsal 

fin small, 0 ])posed to a much extended anal fin ; 
caudal fin much elongated, inferiorly notched near 
the extremity. Teeth as in Odontaspis. Complete 
skeletons of S. lewisi Davis sj)., and S. elongatus 
A. S. Woodw., from the Upper Cretaceous of Sahel 
Alma, Mount Lebanon. Detached teeth (S. rhap- 
hiodon Ag. sp.) in Uppei* Cretaceous of Europe, 
probably also in North America, India, Japan, 
Africa, and New Zealand. Small teeth {Lamna 
gracilis Ag.) from the Neocomian of France and 
Switzerland seem also to belong to this genus. 
Living in the deep sea off Japan {Mitsukurina 
owstoni Jordan). 

Odontaspis Ag. {Triglochis M. and H. ; Otodus 
Ag. in i)art ; Synodontaspis, Parodontaspis White, as 
sub-genera) (Fig. 114). Snout not much elongated. 
Second dorsal fin and the anal of equal size, scarcely smaller than the first 
dorsal. Side of tail without keel. Teeth with a slender principal cusp, with 
sharp lateral edges, flattened outer face, and convex inner face, also one or 
two pairs of small lateral denticles ; root large and bifurcated. The fourth 
tooth (and sometimes the following one to three) from the symphysis of the 
upper jaw very small. Upper Cretaceous, Tertiary and Recent. 0. bronni 
Ag. U. Cretaceous ; Maastricht and Ciply. 0. elegans Ag. sp., 0. macroia Ag. 
sp., and 0. cuspidata Ag. sp, (Fig, 114), from Lower Tertiaries, 0. koerti 
Stromer sp., from Middle Eocene, Togoland and Nigeria. 

Hypotodus Jaekel {Jaekelotodus Menner). Very stout teeth, but much 
resembling Odontaspis. Lower and Middle Eocene; England, France, and 
Belgium. Lower Eocene; Mangyschlak, Russia. Lower Oligocene; South 
Russia. 

Lamna Cuv. {Otodus Ag. in part) (Figs. 115-117). Second dorsal fin and 
^ Woodward, A. S., Proc. Zool. Soc., 1918, p. 231. 
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the anal very small. Side of tail with keel. Teeth as in Odontaspis, but the 
principal cusp usually somewhat broader and the lateral denticles larger. 
Vertebral centra (Fig. 117) completely astero- 
spondylic. Very abundant in the Chalk, Terti- 
aries, and existing seas. Teeth of L, appendiculata 
Ag. (Fig. 115) universally distributed in Upper 
Cretaceous. L. obliqua Ag. sp. (Fig. 116), large 
teeth from the Eocene. L. (jafsana White. Eocene ; 

^ fkj. no. 

Oxyi'lhimi Ag. ^Isui us Ivaf. J jinoiodus Le lion) Ijimnn apprruiiruhita Ai*. riaiMir; 
(Fig. 118 ). Only differing from Lamna in the Qnt*diiiibuiK. 



teeth lacking lateral denticles. Cretaceous to 
Recent. 0. mantelli Ag., the commonest Creta- 
ceous species both in Europe and North America, 
the nearly complete dentition known from Kansas.^ 
0, desori Ag., chichy Lower Tertiary ; 0. hafifalis 
Ag., chiefly Upper Tertiary. 

Careharoides Ameghino. Teeth resembling those 
of Lamna, but delicately serrated. Lower Tertiary 
(Patagonian Formation); Chubut, Argentina. Lower 
Tertiary (Janjukian) ; Geelong, Victoria, Australia. 

Jlopecim M. ami H. Tertiary and Recent. 

(Jorax Ag. (Fig. 119). Teeth low triangular, 
with sharp serrated edges and a large root. Ycrte- 



Klc;. IKi. 

Ldtiina obliqua Ag. sp. External 
aspect of tooth. Eocene ; Sheppey. 


bral centra partly tectospondylic, resembling those 

of Cetorhinus, Common in the Middle and Upper Cretaceous. C, pristodontus 


Ag., from Upper Cretaceous of Maastricht (Holland), Ciply (Belgium), 


A B C 



Fio. 117. 


Vertebra of Lammif in front (yl) and side view (li), and in vertical median section ((^). Nat. size. 
A, B, from Oligoceiie of Flonheiiii. C, fi-orn London Clay, Sheppey. 


Norfolk (England), South India, North Africa (Fig. 119), and Brazil, and 
supposed Eocene of Alabama. C. falcatus Ag., European, Madagascan, and 
North American Cretaceous. C. affinis Ag. {Psewiocorax Priem), Upper 
Senonian of Europe ; teeth apparently^ transitional to those of Cetorhinus, 

^ JSastnmuy C, R.y Palaeontograpluca, vol. xli., p. 149, 1894. 
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Carcharodon M. and H. (Carrha rocks rlordan and IIaiinil)al) (Fig. 120). 
Second dorsal fin and the anal very small. Side of tail with keel. Teeth 
very large and triangnlar, w’ith serrated lateral edges, flattened outer face, 
convex inner face, with or without lateral denticles. Vertebral centra partly 
tectospondylic. One U})per Cretaceous (0, longidcns Fillet) and one existing 
species {i\ rondelefi M. and 11.) which dates back to 
the Miocene in Europe ; the others Tertiary. C\ 
miriculalns Flv. Middle and Up])er Eocene ; Europe. 
<\ dchrayi Leriche. M. Eocene; France and Nigeria. 
i \ pramu’fjahulon Weiler, widely distributed in Oligo- 


Fig. iis. 

Oxyrh i na plicatiiift A <». M io- 
coru.' ; Xeiultirfl, Uunj^'jiTy. 


Fig. 119 . 

Cortix priKiodontus A*a. 

Ilppur Chalk ; Oasis of 
Dacliel, Libyan Desert. 

cene.^ C. megalodon Ag. (Fig. 120) and allied species are represented by 
very large teeth (up to 15 cm. deep) in the Miocene and Pliocene formations 
of nearly all parts of the world, in the Pleistocene of California, also on the 
bed of the existing oceans. 

Cetorhims Blv. {Selache Cuv.). Teeth very small and conical, without 
lateral denticles. Cill-rakers, consisting of dentine, are known from the 
Pliocene of Antwerp {Hannovera aurata Van Ben.). Claspers of male with 
horn-shaped spines, which have been found in the Pliocene of England and 
Belgium. The existing basking shark. Allied sjiecies date back to the 
Oligocene in Europe. 





Family 11. Carchariidae. 

Teeth hollow^ pointed and triangular, with smooth or serrated lateral borders ; one 
series only in f unction at a time. Vertebral centra tectospondylic, penetrated by deep 
wedges of nncalcified cartilage at the bases of the neural and haemal arches. Dorsal 
fins without spines, the anterior situated opposite to the space between the pectoral and 
pelvic fins ; anal fin present ; caudal fin hcterocercA.il, Tertiary to Eecent. 

^ WeUer, 11”., Notizblait Vereius f. EnTkunde u. Hess. Geol. Laiidesanst. Darnistadt, 1927, 

p. 106. , 
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HemiprisHs Ag. {JHrhAzodon Klunzinger) (Fig. 121). Principal teeth 
large, triangular and compressed, with coarsely serrated edges ; anterior 
lower teeth slender, subulate, inwardly curved, and without denticulations, or 
with one or two minute points at the base. //. serra Ag. (Fig. 121), common 



HeinlprijttiH serm Aj;. Miocciu* ; (Molasse); Baltrinj;nn (aJt»T Mioi-cne (Molttss<0 *» Bal- 

Npudortl, Huu;^ttry. Ilasso). (after Probst). 


in the Miocene of Europe and in the Tertiary Phosphate Beds of South 
Carolina and Maryland Miocene. One existing species. 

Guleocerdo Muller and Henle (Fig. 122). Teeth oblique, serrated on both 
margins, with a deep notch posteriorly. Eocetie to Kecent. G. laiidms Ag., 
from the Bracklesham Beds and Middle Eocene of Belgium, Egypt, and 
Nigeria. G. adimnis Ag. (Fig. 122, 
yi), a Miocene species apparently 
ranging to the Pliocene. G, ran- 
fitrins Gibbes, and (r. fn/pifter 
Eastm., from the American 
Miocene. 



Alopiopsis Lioy, and Pseudo- 
(jaleus Jaekel. Nearly complete 
fishes from Upper Eocene, Monte 
Bolca, near N’erona. 

Gillens Cuv. (Em/aletis Gill; 


Fkj. 124. 

A, (‘nrvhiinas (Afirunuxluit) finiHcuK Damos. K(K;erie ; 
nirket'«>l-Ouruii, E«ypt (after Dames). }i, Cu n'hnrias (Hppo- 
prion) riiigularis J’robst. (\ ('arvhin'ioit {Srolindon) kraitsti 
Probst. /), i'ardiarias (Prionodon) si mil in Probst. Miocene 
(Molassp); Baltrin^en (after IMobst). 


Protogaleus Molin) (Fig. 123). Teeth small and obli(pie, the margins oidy 
serrated at the base, and a deep notch posteriorly. Eocene to Recent. 

Carcharias Cuv. (Fig. 124). Teeth mostly oblique and triangular, without 
lateral denticles, usually different in the two jaws. The lateral edges serrated 
to the apex {Prioiiodou Miiller and Henle or Cairharivus Blainville) or 
only at the base {IL/poprion M. and 11.), or sharp-edged but not serrated 
(Scoliodon, Physodoii M. and H ), sometimes also erect and sharp-edged 
{Apriomdon Gill). Tertiary and Recent. C, {Sroliodon) mvieri Ag. sp., repre- 
sented by a nearly comf)lete fish from Uj>per Eocene, Monte Bolca. 

Hennigia Ihering. Teeth erect, winged cat sharp-edged apex ; root tripartite. 
H, ungnlatns Munster sp. Miocene ; Wiirtemberg. 

Sphyrna Raf. {Zygaena Cuv.). Hammerhead sharks. Eocene to Recent. 
S, prisca Ag. Miocene ; Euroj)e and N. America. 

Mustdus Cuv. ; Triaenodon^ Triads M. and H. Recent. 


B. Branchial clefts ventral. Skates or Piays. 

Family 1 2. Rhinobatidae. 

Trunk depressed, hut elongated. Vertebrae tecfospoudylir. Teeth small and 
obtuse, hollow, several series in function. Pectoral fins large, connected with the head. 
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hut the cartilaginous rays not reaching the end of the somewhat elongated snout. Tail 

A robust y with two dorsals and a large 

caudal Jin ; anal fin absent. Upper 
Jurassic to Recent. 

Jihinohatus Bloch [Euryarthra, 
Ag. ; Spaihohatis Thioll.) (Fig. 
125). Dorsal fins without spines, 
the anterior dorsal far behind 
the pelvic fins. Skin with small 










shagreen granules. Complete 
skeletons from the Lithographic 
Stone of Bavaria [11. niiralnlis 
VVagn. sp.) and France, the 
Cretaceous of Mount Lebanon 
[R. maronita Piet, and Hunib.) 
and Italy, and the Upper Eocene 
of Monte Bolca. Also later 
'Fertiary and Recent. 

Asterodennus Ag. Dorsal 
fins with small spines. Shagreen 
granules rather large, stellate. 
A. plafypferns Ag., a small species 
from the Lithographic Stone of 
Bavaria. 

B e I e 7n n o h at is Thioll i e r e . 
Lithographic Stone; Cerin, Ain, 
France. Perhaps identical with 
Asterodennus. 

Rhynchohatus M. and H. 
Eocene to Recent. R. vincenti 
Jaekel, teeth from Middle 
Eocene, Belgium. 

Trygonorhma M. and II. 
Eocene to Recent. 


Family 13. Pristidae.^ Saw- 

Trunk elongated^ slightly de- 
Mw pressed. Vertebrae tectospondylic 

^ Fraas^ iS'., Siige voii ProjyriUin 
jxSr schvvivfnrthi Dames. Neues Jahrb. f. 

Mill., etc., 1907, vol. i., p. 1. — 

Sg mann^ L.^ Neurocraniuni der fVisti«leii 

* nud l*ristiophoriden. Zool. Jalirb., Abt. 

Aiiat., vol. xxxiii., p. 239, 1912. — 
Khinohatus mirdbiJisW&ga. ap. Upper Jurassic (Lithogitipbic*. Stro-fner, A?., Siige des Pristiden ihicho- 
Stone); Eichstadt, Bavaria, (From a specimen 1*7 m. long in pristis Haug sp., imd iiber die 

B.e Palaeontologicl Museum, Munich.) Sagehaie. Abhandl. Bay. 

Akad. Wiss., vol. xxviii,, no. 8, 1917. — 
Skelettrest des Pristiden OncJwpri.stis numidus Hang .s]). Loc. cit., vol. xxx., no. 6, 1925. — 
VigliarolOf G.f Monografia dei Pristis fossili. Atti R. Accad. Sci. Napoli [2], vol. iv,, Append, no. 3, 
1890. — Woodward A . S., The Cretaceous Saw-fish Sclerorhynchmatams. (3eol. Mag., 1892, p. 529. 
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Teeth of the mouth minute and ohtme^ several series in function. Pectoral fins rather 
largCy united with the head^ hut not extended to the long^ depressed, sword-like rostrum, 
which is strengthened with lateral cartilages, and armed with a row of large dermal 
teeth on each lateral border. Upper Cretaceous to Recent. 


Sclerorhgnchus A. S. Woodw. Teeth of rostrum comparatively small, 
enamelled at apex, and not fixed in sockets. Rostrum thus resembles that of 
Pristiophorus, but di tiers from the latter and agrees with Pristis in the great 
development of a pair of lateral cartilages. S. atavus A. 8. Woodw. and S. 


A 



Onrhopriatis numvltis Haug sp. 
Portion of roHtrum, resloreti by 
Stroiner. Conomaiiian ; Kgyj)t. 1/4 
iiat. size. 



li 



Fio. 127. 


(fnchopristia nwnidua Hang sp. lloatral tooth, 
from behind (A) and from the aide (/>). Ceno- 
niaiiian ; Egypt. Nat. size, after Stromer. 


hiimn Hay, known by nearly complete skeletons loss than a metre in length 
from Upper Cretaceous, Mount Lebanon. 

Onchosaurns Gervais [Titanichthys, Gigantichfhys Dames). Rostral teeth 
large, not fixed in sockets; enamelled only at the short barbed apex. 0. 
pharao Dames sp. Upper Cretaceous; Egypt. Also France. 

Schizorhiza Weiler. Small rostral teeth enamelled, dee])ly cleft at base to 
clasp edge of rostrum. Upper Cretaceous (Nubian Sandstone and Phosphates) ; 
Egypt. 

Ischyrhiza Leidy. /. mira Leidy. Upper Cretaceous; New Jersey and 
Maryland, U.S.A., and Chile. 

Onchopristis Stromer (Figs. 126, 127). Rostrum slender and much 

elongated ; rostral teeth also slender, not fixed in sockets, in about twelve 
well-spaced pairs, each tooth barbed at the apex and enamelled nearly to the 
base. 0. numidus Hang sp. Upper Cretaceous (Cenomanian) ; North Africa. 

Propristis Dames [AmUypristis Dames ; Eopristis Stromer) (Fig. 1 28). 

VOL. n o 
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Rostral teeth as in Pridis, but shorter and broader, and not implanted in 
cartilage. Middle Eocene; Biiket-el-Qurun, Egypt, and Ameki, S. Nigeria. 

Pristis Latham (Oxypristis Hoffm.). Teeth of rostrum 
peg-like, firmly implanted in sockets of calcified cartilage, 
hlocene to Recent. 

Family 1 4. Rajidae. 

Trunk much depressed, forming a broad, asually rhombic disk 
with the pectoral Jins, which extend from the snout to the pelvic 
Jins, The latter fins with a strong, unsegmmted, ca.rtilaginous ray 
in frmit. Teeth small, with bifurcated root and rhombic crown, 
forming a close pavement in each jaw. Tail very slender, without 
spines, and the caudal Jin small or absent ; anal Jin absent. Skin 
with small, pointed shagreen granules and larger, scattered, spinous, 
placoid tubercles. Upper Cietaceous to Recent. 

Cyclobatis Eger ton. Disk circular or oval, and tail very 

short, without median fins. Rays of paired fins few and 
well spaced, the pectorals united in front of the head. Pelvic 
fuwlT Dames. with Very large pre-pubic j)rocesses. C. oligodactylus 

«>iidofro!strinn. Eocmie; Egerton, from Upper Cretaceous, Hakol and Hajoula, Mount 

Egypt. «at. size x i J ’ 

(after E. Fraas). Lebanon. 

llajaCwY. {AcUnohatis Ag.) (Fig. 2, p. 4). Teeth i)ointed 
in male, blunt in female. Upper Cretaceous, Mount Lebanon (7i. expansa 
Davis sp.) to Recent. Dermal tubercles of existing Tl. clarata Linn. (11, antigua 
Ag.), in Pliocene Crags of Norfolk and Suffolk. 

Platyrhina M. and H. Upper Eocene (Monte Rolca) to Recent. 

Family 15 . Torpedinidae. T()r])edoes. 

Trunk much depressed, forming a broad and rounded disk with the pectoral fins 
which do not extend forwards to the broadly rowmied anterior end of the head. Tail 
short and fleshy, with well-developed dorsal and caudal fins ; anal fin absent. Skin 
naked. An electric organ between tlw pectoral fins and the head. Eocene to 
Recent. 

Torpedo Dunu^ril (Narcobatis Blv.). Sometimes supposed to be represented 
by skeletons in Upper Eocene of Monte Bolca, but doubtful. Teeth of 
T. hilgendorfi Jaekel from Upper Tertiary, Balangi, Cameroon. Recent. 

Narcine. Henle. Upper Eocene of Monte Bolca (N. molini Jaekel) and 
Recent. 

Family 16 . Trygonidae. Sting-rays. 

Trunk much depressed, forming a disk with the very broad pectoral Jim, which 
meet in front of the snout, and constitute the anterior border of the head. Teeth small, 
rhombic or polygonal, with bifurcated root, and forming a close pavement. Tail very 
slender, sharply separated from the disk, the dorsal fins usually replaced by several 
stout imbricating spines of vasodentine, which are antero-posteriorly compressed and 
armed with a row of recurved booklets on each lateral border ; anal fin absent Skin 
naked, with large conical plates of vasodentine, sometimes fused into groups, usually 
raised into a short spine, Cretaceous to Recent. 
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Trijiion nign<iUft Prohst. Tooth, an- 
tprior (J), postfiior (i>’), and lateral {(') 
us])ects, eiilarf^orl, and the same iiat. size 
(h). Miof.‘oiie(Molasse) ; Haltrin^eii (after 
Prohst), 


Trygon Aclansori ('frygoiwhatus Blv. ; Aleximdrinvm Moliii) (Figs. 129, 130). 
Tail elongated, with long, flattened dorsal spines. Dermal plates of very 
variable form and size. 1\ gazolm Ag. ;2\ 

{Alexandrinnm) inolini Zigno ; T, zignoi Molin, 
known by nearly complete skeletons from the 
Upper Eocene of Monte Bolca.^ Isolated dermal 
plates (Fig. 1 30) have been described as refer- 
able to Jlaja^ Acipensar^ Dyiuitohaiis Larrazet, and 
Aamthobatis Larr. 

Taeniura^ Urolophiis M. and 11. Upper 
Flocene (Monte Folca and Monte Postale) and 
Recent. 

XipUoirygon Cope (Ifeliohatis Marsh). Re- 
sembling IVygon, but teeth cuspidate. .V. (frufidxns Co])e, known by complete 
skeletons from Eocene Ureen River Shales of Wyoming. 

Oncohafis LiGidy. Dermal tubercles. Pliocene; Idaho. 

JUiomhodm Dames.- Crushing teeth and caudal 
spines from Upper Cretaceous, Maastricht, Holland. 
Teeth also from Senonian Phosphates of Egypt, and 
the Quiricpiina P^ormation of Chile. 

Mylrdaphm Cope. Teeth. Upper Cretaceous ; Mon- 
tana, Wyoming, and New Mexico, U.S.A., and Alberta, 
Canada. 

J‘fyc/ioirygoti Jiiekel. Transversely ridged enamelled 
teeth. P. triangularis Reuss sp. Upper Cretaceous ; 
Bohemia. 

Hypolophus M. and H. Teeth in Lower Eocene. 
Recent. 

Ilypolophifes Stromer.*^ Flat hexagonal or rhombic 
teeth forming a close pavement ; a median row of teeth 
in one jaw, none in the other jaw. Lower Eocene ; Togolaiid, Nigeria, and 
Congo Free State. 

'i Parapalaeohates Weiler. Crushing teeth with coarsely reticulated crushing 
surface ; consisting of dentine of which the fine tubules radiate from one small 
centre. Upper Cretaceous (Nubian Sandstone and Phosphates) ; Egypt. 






Ki<;. lao, 

Trygon (AcanthobatU) tuber- 
cnbtsM Proliftt s|i. Drrmal 
tubercle, nat. size. Miocene 
(Mohme); Jlaltringen. 


Family 1 7. Ptyohodontidae. 

Trunk prohahly mt much depressed. Quadrangular crushing teeth with thick 
enamel {ganodeniim\ which is variously ridged and rugose; attached surface 
of root not grooved. Teeth arranged on symjdiysis of jaws in several longitudinal 
series, one median, the others symmetrically paired. Vertebrae tectospondylic. 
Cretaceous. 

Hylaeohatis A. S. Woodw. Teeth solid, irregularly ridged, transversely 
elongated. Wealden ; England. 

^ Eastman^ C, R.y Mem, Carnegie Mu.**., vol. vi., no. f), p. 316, 1914. 

® Umhgrove, J. //. F.^ Leidsche Geol. Mededeel., vol. ii , p. 15, 1926. 

® Stromer, E., MouaUb. Deutsch, Geol. Ges., vol. Ixii., p. 490, 1910. — Lerichc^ M., Ann. Miis. 
Congo Beige — G4ol., Paleont., Ser. iii., vol. i., p. 71, 1913. 


PISCES 


Piychodiis Ag.^ {Aulodus Dixon; Hemijiychodns Jaekel) (Figs, 131-134). 
Known only by the dentition and vertebrae. Teeth solid, with a raised 



rtyrhoduH decurrens Ag. (-lOwer jaw. I-iOwer Chalk ; Englaiul. i-’/a nat, aizo (aftRr A. 8. Woodward). 

crown, which is transversely or radially ribbed, and sharply separated by a 
constriction from the smaller, smooth root. They are arranged in thirteen 




rtyrJiodtis decurrens Ag. Diagram of 
arrangomt^iit of teeth in upper (A) and 
lower (iejaws, much reduced. Lower 
Chalk ; England (after A. 8. Woodward). 


rtjfchodve decurrens Ag. Teeth of four inner paired 
row’s of upper jaw. Lower Chalk; England. 1/2 nat. 
size (after A. 8. Woodward). 


to nineteen antero-posterior series (Figs. 131-133). In one jaw, presumably 
lower, the median series of teeth is the largest, and the lateral rows are dis- 
posed symmetrically, diminishing in size outwards. In the opposing jaw the 
median series is very small, and the first lateral row on each side large, with 

^ Canavarif J/., Un note vole e.semplare di Ptychodue Agassiz. Palaeont. Ital., vol. xxii., p, 36, 
1916, — Dibley^ G. E., Teeth of Ptychodua and their Distribution in the English Chalk. Quart. 
Joum. Geol. Soc., vol. Ixvii., p. 263, 1911 . — Woodioardy A. S.y Jaws of Ptyckodua from the 
Chalk* Quart. Journ. Geol. Soc., vol. lx., p. 133, 1904, 
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the outer lateral series diminishing. Common in the Upper Cretaceous of 
Europe and North America. Also found in Syria and Japan, and in an 
Upper Cretaceous deep-sea de- 
posit in the Island of Timor.^ 
lleteroptychodus Yabe and 
Obata. Teeth as in Pti/chodus, 
but without definite marginal 
area. Cretaceous; Japan. 

Family 18 . Myliobatidae. 

Eagle-rays. 

Trunk mnch depressed^ forming 
(h broad dish with the very large 
pectoral Jins, which are interrupted 
at the sides of the head, hut reappear as one or a pair of small cephalic fins at the 
extremity of the snout. Teeth rather large, forming a close pavement in both jaws ; 
lower face of root marked with straight antero-posterior furrows. Skin naked. Tail 



Fns. 134. 

Ptychotius polygi/ruit A%. Tootli, oral and posterior views, 
nat. size. Greensand ; Regensburg. 



Fkj. 1.'15. 

Jaws of M ylidbutU axjuila Cuv. Anterior aspect. Recent ; 
Mediterranean (after Agassiz). 



Jaws of recent MylidbatiSy lateral aspect. 


very slender, with one or several flattened spines behind the single dorsal fin ; anal 
fin absent. Cretaceous to Eecent. 

Most of the surviving genera of this family are represented in the Tertiary 
by isolated teeth and spines, or by the complete dentition, 

Apocopodon Cope.^ Teeth quadrate or sexangular, mostly broader than 
long, their nearly flat oral surface marked with antero-posterior wrinkles ; 
attached surface of root with few widely spaced antero-posterior furrows. A. 
sericeus Cope, from Upper Cretaceous, Pernambuco, Brazil. 

Promyliobatis Jaekel. A skeleton from the Upper Eocene of Monte Bolca, 
apparently showing pectoral fins less completely interrupted at side of head 
than in recent Myliobatis, otherwise resembling the latter. P. gazolae Zigno sp. 

^ Beauforty L. F. dty 2® Nederland. Timor-Expetlitie. Jaarb. Mijnweseii Ned. 0. -Indie Verliand., 
iv , p. 61, 1920 (1923). Also Weiler, W., Neues Jahrb. f. Min., etc., Beil. -Bd. 67, Abt. B, p. 293, 
1932 

Woodward, A. S., Geol. Mag., 1907, p. 194. 
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Myliohatis Cuvier [Pastimca Gronow) (Figs. 135-138).^ The dental pave- 
ment of the jaws consists of seven antero posterior row^s of sexangular flattened 

teeth pressed together. The lower dentition 
is longer and less arched than that of the upper 
jaw (Fig. 1 36). In young examples all the teeth 
are similar in form and size, but during growth 
the median series rapidly increases in width, and 
eventually becomes from three to eight times as 
broad as long, while the shape of the lateral 
series remains unchanged.- The strongly de- 
veloped root of each tooth is mai*ked with 
several parallel grooves on its lower and lateral 
faces. Numerous species represented by the 
dentition in the Tertiaries, and caudal s])ines 
also known (Fig. 13S). M. dmmi Ag. ; 71/. 
striaias Buckl. ; M, toliapicas Ag. (Fig. 137) from 
MyiiofHitis toiiapiais Aj,'. Imperfect English Eoceuc. jM. pciiioni A. S. Woodw., thc 

largest known species, with lower dentition 
16 cm. wide, from Eocene, Mokattam Hills, 
Cairo. M. magister Leidy, the largest American species, 
known by complete dentition from the South Carolina 
Eocene. 

Jthinoptera Muller {Zyijohates Ag. ; Mylorhina Gill). 

Dentition of both jaws strongly arched antero-j)osteriorly. 

Teeth flattened and sexangular, in five to nine antero- 
posterior rows, and mostly broader than long, l)Ut 
diminishing in breadth outwards. Cretaceous to Kecent. 

R,prisca A. S. Woodw., from Upper Cretaceous, Pernam- 
buco, Brazil. R. daviesi A. S. Woodw., from London 
Clay, Sheppey and Belgium. JL slierhorni White, from 
Middle Eocene, Nigeria. 

Aetobatis M. and H. {Goniobatis Le Hon; Sioasodon 
Cantor), Teeth very broad, in a single antero-posterior 
series. Tertiary and Kecent ; wide distribution. 

Typical egg-capsules of skates occur in the Oligocene 
of Switzerland.^ 

Sub-Order 2. BRADYODONTI. 

Teeth few during lifetime^ in slow succession. Flacmd 
scales often fused into plates. 

AfyliobtUis serratus H. von 

These are Palaeozoic Selachians in which the teeth Meyer. Caudai 8i)ine. ougo- 
, , ^ f ^ 1 / 1 1 5 Wemlieim, near Alzey. 

are largely composed of tubular dentine (palodeniine 

of Jaekel), resembling that in the tritors of the dental plates of Chimaeroids. 

^ Scdi'na*, /?., Sopra alcnni Myliobatiili fossili della Sicilia. Giorn. Sci. Nat. ed Ecouorn. 
Palermo, vol. xx., p. 1, 1900. 

* Stromer, /i’., Zeitschr. Deutscli. Geol. Ges., vol. Ivi., p. 249, 1904 ; also Monatsb., p. 203. — 
Woodv>ard^ A. S.^ Ann. Ma^. Nat. Hist. [6], voi. i., p. 36, 1888. 

* Peyetf jB., Rochen-Eikapseln aus den Horwerscliicliten (unteres Staiiipien) von Grisigen, 
Kt, Luzern. Eclogrie geol. Helvet , voh xxi., p. 407, 1928. 
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Family 1. Cochliodontidae. 

Teeth tumid or flattened for crushing^ and not more than six or seven in succession 
in each row ; one or two rows on each ramus of the jaw usually f used into continuous 
plates^ which curve into a little scroll at the miter border ; mt more than one or two 
paired rows of teeth between these plates ami the symphysis. Paired spines often 
present on the head. Upper Devonian, Carboniferous and Permian. 

Our knowledge of this remarkable Upper Palaeozoic family is still very 
incomplete. Of two genera {Ilelodns and Menaspis) the impression of the 
trunk is known ; of all the others only teeth or fin spines and, very rarely, 
complete jaws occur. According to Jaekel, the gcTiera here included represent 
more than one family. He refers CochlioduSy Deltopt ychius^ Menaspis^ etc., to a 


B 



Fkj. I3i>. 


l^nephodun viwjnns Ag. ,1, Three toct/h in ccmnected eeries, nat. size, from tlio Carboniferous Limestone 
of Armagh (after Davis). i>, Associated u])]ter teeth from remains of head found in Calciferous Sandstones, 
East KiU»rule, Lanarkshire. 6, large Uxjth somewhat broken; r., small tooth identical with IJelodus rudis 
M‘Coy ; d, slender t«(<th identical with Udodiu* planus Ag. ; f', Helotiont teeth ; /, g, teeth identical with 
Lophodus didymus and L. hicvissimuti Ag. sp. Nat. size (alter Traquair). 


Sub-Order Trachyacanthi of the Order Holocephali, while he places Psephodus 
with the Petalodoutidae and Edestidae in the Sub-Order Statodonti of the Order 
Selachii, 

Ilelodus Ag. Teeth elongated, with a raised tumid centre ; in not more 
than six rows on each ramus of the jaw, all closely similar and none com- 
pletely fused into a plate. Anterior dorsal fin with a laterally compressed, 
broad, smooth spine. H. simplex Ag., English, French, and Belgian Coal 
Measures. Teeth in Upper Devonian, Missouri, U.S.A. 

Pleuroplax A. S. Woodw. {Pleurodus Hancock and Atthey, nec Wood, nec 
Harlan).^ Dental plates with feeble transverse ridges, and the antero- and 
postero-lateral borders indented between these ridges. These teeth some- 
times associated with others of the Helodus-type. Anterior dorsal fin with 
spine as in Ilelodus. P. rankinei H. and A., from English, French, and Belgian 
Coal Measures. Other species from Upper and Lower Carboniferous of 
Europe and North America. 

Psephodus Ag.‘^ (Fig. 139). Teeth of one row in each ramus of jaw fused 
into a rhombic or rhomboidal dental plate, which is convex and gently arched, 
with crenulated border. Other separate teeth numerous, of the forms known 


^ Damsy J. W., Ann. Mag. Nat. Hist. [6], vol. v., p. 291, 1890. 

^ Traquair^ R. //., Trans. GeoL Soc. Glasgow, vol. vii., p, 392, 1885. 
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under the names of HeloduHy LophoduSj lUiamphodas, and ylspidodus. Carboni- 
ferous Limestone; Europe, India, and North America. 

Sandalodus Newberry and Worthen {Trigonodns^ Katicinodvs N. and W. ; 
Orthopleurodus St. John and Worthen). Supposed upper dental })lates 
triangular, thick, slightly iiirolled. Supposed lower dental plates more 

strongly inrolled. S. morrisi Davis. 
Carboniferous ; li eland, England, Bel- 
gium, and North America. 

Cochliodiis Ag. (Fig. 140). Two 
rows of teeth on each ramus of each 
jaw fused into strongly arched dental 
plates, the posterior one very large, 
with a broad median area bounded in 
front and behind by an oblitjue furrow, 
the anterior plate com})aratively small, 
rhomboid al in shape. Symphysial 
series of C. lafus Leidy, from Keokuk 
Limestone of Mississippi Valley, the 
largest known species, originally de- 
scribed as Jlelodiis coxanus Newb. C. 
contortus Ag. (Fig. 140), from Carboniferous Limestone; Ireland, England, 
Belgium, and North America. 

Strehlodus Ag. As Corhliodas, but hinder dental plate with two to three 
broad oblique folds. S, oblong iis Ag., and S. colei Davis, from Carboniferous 
Limestone, Armagh. Other species 
from England, Belgium, and North 
America. 

DeltoptycMus Ag.^ Two rows of 
teeth in each ramus of each jaw fused 
into a single triangular plate without 
transverse ridges or furrows. Head 
with pair of spines of form named 
Oracanthus Ag. I>. acutus M‘Coy. sp. 

Carboniferous Limestone ; British 

Isles. Other species in Belerium and dentition from .ibovi* (A), and attach»*(i Buj^acM 

XT , , . . ^ ® size. Kupfei^chiefor ; Ghicksbruiiii, ThiirinKift. 

North America. 

Tomodm, Cyrtonodus Davis; Chitonodns St. John and Worthen; Poecilodus 
Ag. ; Deltodus Ag. (Taenmlns St. J. and W.); Xystrodus Ag. (Flatyxystrodus 
Hay). Carboniferous Limestone ; Europe and North America. 

Menaspis Ewald, emend. JaekeP (Dichelodus Giebel ; Chalcodus Zittel) 
(Figs. 141, 142). Head and back covered with longitudinal series of tuber- 
culated or spiny, partially keeled placoid scales and small shagreen granules. 
On each side of the front portion of the head a triangular spine, provided with a 
broad, hollow base and covered with tubercles of ganodentine. P'urthei* back on 
each side three smooth, thin, arched spines fixed by a conspicuous basal process 
in the skin of the head, curved inwards, and apparently consisting of vaso- 

^ Woodward, A, *S., Quart. Journ. Geol. Soc., vol. Ixxi., p. Ixviii, 1915. 

® Dean, B., The Permian Fish Menaspis, Amer. Geologist, vol. xxxiv., p. 49, 1904. — Jcbekel, 
O., Bber Menaspis. Sitzungsb. Ges. naturf. Freiinde, Berlin, 1891, p. 11.'). — Reis, 0., tbjer die 
Kopfstacheln von Menaspis annata. Geogn. Jabresliefte, Munich, 1891. — Weigclt, J., Leopoldina 
(Halle), vol. vi., p. 606, 1930. 




Fkj. 141. 

Menas^tis armata Ewald U'halmdtut iMrm.ia.ntix VMAtiW 



I’lc. 140. 

Cochliodus vontorliis Ag. Dentition, *74 nat. size. 
Cnrbojiiferona Liinestone ; Armagh. .1, large posterior 
dental plate ; B, small dental plate ; anterior teeth 
wanting. 
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dentine ; the middle pair of these spines more than twice as long as the others. 
Dentition consisting of one pair of Cochliodont teeth in each jaw (Fig. 141). 
M. arrnata hlwald, from U. Permian ^ 

(Kupferschiefer) of Germany. 


Diinily 2. Petalodontidae.^ 

Teeth autero-poaferioiiy compressed^ 
transversely elongated, closely arranged 
in longiindinal and transverse roios. 
Crown enamelled, more or less bent back- 
wards, either with a sharp eniting edge or 
very obtuse, the anterior face convex, the 
posterior face concave; root deep, separ- 
ated from the crown by a constridion, 
usually with enamel folds immediately 
above it. Carboniferous and Permian. 




' 

pi 








i*- r' ' T, 


In most genera of this family 
several successional rows of teeth are 
functional in the mouth at one time ; 
hut in the highly specialised genera 
Petalorhynchus and Jamtssa (perhaps 
also Clossodns) only one row is functional, 
the }jreceding teeth being thrust down- 
wards and backwards to serve as sup- 
}.)orts. In Janassa and Ctenopiychms 
the trunk is depressed, with relatively 
large pectoral fins. Dermal s{)ines have 
been found oidy in Polyrhizodns. 

Petal odus Owen {Ohomatodus Ag. 
in part ; Sicarius Leidy ; Antliodus 
Newb. ; Lisgodns St. John and Worthen) 

(Fig. 143). Teeth much antero-pos- 
teriorly compressed and transversely 
elongated. Crown leaf-shaped, with 
cutting edge, and sharp basal margin 
with enamel folds ; root long and 
comparatively slender, truncated below. P, acuminatus Ag. sp., and other 
species from the Carboniferous Limestone of England, Scotland, Ireland, 
Belgium, Russia, and North America. Rare in the Coal Measures of North 
America. 

Ctenopetalus Davis (Ilarpacodus Davis ; Serratodus de Koninck ; Peripristis 
St. John and Worth.). As Petalodus, but edge of tooth serrated or crimped. 
Carboniferous Limestone ; Europe and North America. 

Petalorhynchus Newb. and Worth. Teeth much antero-posteriorly com- 
pressed and acuminate, with undivided root. Each functional tooth supported 


Fia. 142. 

Meruispis armtUn Ewald. Imperfect head and trunk. 
Kupferschiefer ; 'rhurinRia. P, pectoral ftua ; F, pelvic 
IliiH ; Z, conical dermal scutes ; 1-4, paired liead spines. 
2/3 iiat. size (after Jaekel). 


' Jaekeh 0,, ttber die Organisation der Petalodonten. Zeitsclir. Deutsch. Geol. Ges., vol. li., 
)). 269, 1899. — Woodward, A, S., Dentition of the Petalodont Shark, ClimoMjdus. Quart. 
Jonru. (ieol. Soc., vol. Ixxv., p. 1, 1919. See also Weigelt, J., Leopoldina (Halle), vol. vi., 
p. 604, 1930. 
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by its predecessors, which are fused together. Carboniferous Limestone ; 
Europe and North America. 

Fissodus St. John and Worthen. Carboniferous; North America and 
Scotland. 

Glossodus M‘Coy ; Mesolophodus A. S. Woodw. Carboniferous Limestone ; 
Ireland. 

Pohjrlikodus M‘Coy [Dacif/lodus Newb.) (Fig. 144). Teetli robust, with a 

A li 

I 

Fj<i. 143. 

t*efalo>(n^ aHeijhan hnii^is I.eidy. 

Tooth ill front view (.1) and trans- 

veree sec;ti<»n (/!)» nat. size. Coal Polyrhizudus vuujnvs M‘Coy. Tor>th in front 

Meaanres ; Spiinglield, Illinois (after view(.l) and transverse stetfon i/j. nat. size. 

Newberry). Carbon iferous Liniestono ; Arina;,di (after M‘Coy). 




tumid crown tapering to a transverse cutting edge, and the root much sub- 
divided. 1\ inaguns M‘CV)y, and other species from the Carboniferous Lime- 
stone of Ireland, England, Russia, and North America. With F. rossicns 

A B 



Fia, Uo. 

Javaum Htuminosa Schlotli. sp. Kupferschiofer ; (JlUckabnuin, Thiiriunia. A, Upper and lower dentition. 
By CroRs-aection, anterior view of teeth. C, Tooth'from behind, and />, from in front. Nat. size. Dermal 
tubercles, enlarged. 


Inostr. in the Carboniferous Limestone of Russia are found tuberculated 
dermal spines which curve forwards like Fhysonemus M‘Coy. 

Ctenoptychms Ag. [Petalodopsis Davis). Teeth antero- posteriorly com- 
pressed, with sharp coarsely serrated edge. Shagreen strongly marked with 
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transverse flutirigs. C. apkalis Ag. with depressed trunk and relatively large 
pectoi-fil fins. English (Joal Measures. 

Pristodus Davis. Lower Carboniferous ; Gi eat Jb itain. 

Climaxodns M‘Coy. Teeth as in Petalodns, but stouter and l)lunter, 
soinotimes without rugae at the base of the crown ; arranged in five to seven 
antero-posterior rows, of which three to five are high-crowned and on the 



Fio. 146. 

Jauassa hituminDnaiichUilh. Si\K and pectoral region. KupP-rschiefer ; Tlmrin^jis. labial car til - 

aso ; Mz, middle row of upper denlitioii ; propterygium of pectt)ral Du; Uk, lower jaw; Ukg, low'er 
dentition. 2/.^ nat. size (alter Juokel). 

jaw symphysis, and the lateral paired row is low-crowned, extending backwjirds 
along the rami. All the teeth in function in the mouth at one time, 
eventually nine or ten transverse row's. C. imhricaius M‘Coy. Carboniferous 
Limestone ; England. C. wisei Traq. sp. Calciferous Sandstone ; Lanarkshire, 
Scotland. 0, lingiMcfomm Atthey. English and Scottish Coal Measures. 

Janassa Munster [Dirtaea^ Bijzenos Munster) (Figs. 145-148). Teeth with 
obtuse cutting edge much refioxed, and the numerous enamel folds at the base 
of the posterior face forming prominent transverse ridges ; root long and 
slender, undivided. These teeth arranged in five to seven antero-posterior 
rows, and from seven to ten transverse (successional) rows ; a single transverse 
row in function at one time, supported by the previous successive transverse 
rows which are thrust downwards and backwards beneath them (Fig. 147). 
Pectoral fins very large, reaching as far forwards as the head ; a space between 
these and the pelvic fins, which are relatively small. Skin covered with oval 
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Janafljia bituminosa Schloth. sp. Vortical section antoro-posteriorly across .jaws, reconstruct < m 1 by ilaekel. 
Ez, successioual teeth not yet erupted; Ok, upiMujaw; (Juij, artuMilar end of up]>er jaw ; f A, lower .jaw ; 
Ukg, articular end of lower j’aw. 



Fio. 148. 

JanoMa bitu-minam Schloth. sp. Itcstoration by Jaekel, about 1/4 nat. size. A, cloacal openinK ; B, pelvis ; 
IT, gill-clefts; L, labial cartilage; //,; separate anterior part of pelvic tin; Okfff upper dentition; P, pectoral 
fin ; Ppt, part of propterygium ; I/*, lower jaw ; Ukg, lower dentition ; V, pelvic flu ; y, perhaps iliac process 
of pelvis. 
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or quadrate, smooth shagreen granules. J, hitmninosa Schloth. sp. (Figs. 
145-148), represented by important specimens from the 
Permian Kiipferschiefer of Hesse and Thuringia, also from 
the Marl Slate of Durham. Teeth of /. strigilina Cope, 
from the Permian of Illinois, U.S.A. 

? Callopristodas Traquair (Fig. 149). Crown low and 
crimped, root subdivided. C. 'pedinalns Ag. sj)., fiom 
the Coal Measures of Enghuid and Lower Carboniferous 
of Scotland, also from Coal Measures of Nova Scotia. 




Fia. 141>. 


Callop ri stodus peat ina • 
tus Ag. sp, Jjower Car- 
bon! loro us ; Scotland. 
Nat. 8iz«i. 


Family 3. Psammodontidae. 

Known only hy fat or slightly arched quadrilateral teeth, with punctate or finely 
rugose grinding surface, arranged, in two longitmlinal series. Hoot of tooth not 
extending beyond the crown, its lower face parallel with oral face of crown. 
Carboniferous. 

Hsamrnodus Ag. {Archaeohatis Newberry ; Honmlodus, Astrahodus Davis) 
quadrangular, with relatively thick base, smooth or 
feebly striated on the attached surface. The paired 
series not bilaterally symmetrical. 1*. rugosns Ag. 
(Fig. 150), from Carboniferous Limestone of Ireland, 
Scotland, England, Wales, and Belgium. Allied species 
in Russia and North America. Largest tooth of P. gigas 
Newb. sp., from Lower Carboniferous, Indiana, measuring 
15 cm. across. 

Jjigarodus Jaekel. L. angustus Trautschold sp. 
Upper Carboniferous ; Mjatschkowa, Moscow. Other 
species in Coal Measures, North Staffordshire, and Car- 
boniferous Limestone, Bristol. 

Family 4. Copodontidae. 

Known only hy flat or slightly arched quadrilateral teeth, 
which are bilaterally symmetrical ; apparently a single tooth, 
or with a second tooth just behind, on the symphysis of 
the jaw ; root at least in p>art extending laterally beyond 
the crown, its attached face nearly smooth and parallel with 
that of the crown. Upper Devonian and Carboniferous. 

Copodus Davis {Mesogompims, lihymodits, Oharac^dus, 
Pinacodus Davis). Comi)aratively small median teeth, 
narrower in front than behind, divided into two unequal parts by a trans- 
verse suture. C. coiiiutus Davis and allied species from Lower Carboniferous 
of Ireland, England, Belgium, and North America. 

Labodus Davis. Lower Carboniferous ; Ireland, England, and North 
America. 

Solenodus Trautschold. Upper Carboniferous ; Mjatschkowa, Moscow. 
Acmoniodus Hussakof and Bryant. Two Copodont teeth, one behind the 
other, fused together into a pentagonal plate by the great extension of the 
root. A, darlcei Huss. and Bry., from Upper Devonian, Erie Co., New York, 
U.S.A., with dental plate about 12 cm. across. 


(Fig. 150). Teeth 


A 



Fk;. lf>0. 

P $ a ulihl o d u .<< r u g n ,s- u a A e. 
lmi>erfect tooth from abovH 
(A ) and in transverse section 
(li)y nat. size, (/arhoniferoiis 
Lirnestoue ; Armagh. Na1>. 
size. 
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Order 7. HOLOCBPHALI. Chimaeras.' 


Ften/goq'uadrate (irctnh^ nmvpletdy and immovahly faml with the cranium 
(autosfylic). Mandible with a very large denial plate on each dde^ meeting one^ two^ 
or three pairs of dental plates in the upper jaw. (rill clefts covered by a fold of skin, 
so that there is only one external opening. 7'ertehral axis iwt distinctly segmented, 
and the notochord surrounded by numerous jniriially calcified rings of cartilage. 
Paired fins with two or three short basal cartilages ; fins of male with appended 
claspers. 


The Holocephali oc(;u])y n uiiicjiie })(>siti()n amoiig the Elasmobranchii, oji 
account of (1) the incompletely segmented character of the vertebral axis, in 

which the number of the cartilaginous rings 
considerably exceeds that of the arches and 
processes; and (2) the fusion of the n})per 
jaw with the skull. Their trunk resembles 
that of the shaiks, while the dentition is 
distinguished by the remarkably peculiar 
form and structure of the few very large 
dental plates. Of the four surviving genera : 
Chinuiera lives ofi’ the European coasts, the 
various coasts of the Pacific, and the Cape 
of (jlood Hope; Callorhynchus in the seas of 
the southern hemisphere ; llarriotta in the 
deep Atlantic oft* North America; and Jlhino- 
chhnaera in deep water off Japan, and in the 
Indian Ocean. In all these genera the 
anterior dorsal fin is provided in front with 
a strong s])ine, which is su})])orted by a 
broad plate of cartilage fixed to the verte- 
bral coluniTi, and is united with this plate 
1 ^ cartilage articulation. Besides the fin 

(hxmaera monstrosa liinii. Win my open i ^ i r 

inoutii showing dentition of yi>ung lish, from spiiic, the males of I’cceiit forms boar Oil the 
the Mediterranean Sea. nd, lower dental 

plates; mx, hinder upper dental plates ; w, frontal 1 egioil a Spine which is 1 OUndcd in 

nasal cartilage; j.««, anterior upper dental fpont and covered with prickles, as Well aS 
plates. Nat. size. . .1 ' 

smaller prickly spines in front of the pelvic 
fins. The long copulatory organs are also strengthened by thin calcified rods. 
The skin of the existing genera is naked, but in some extinct genera it is 
partly covered with shagreen granules and plates. A remarkable peculiarity 
of the Chimaeroids consists in the umisnally conspicuous character of the 
mucus canals, which traverse the skin of the head and form the very prominent 
lateral line of the trunk. These are surrounded by numerous, closely arranged, 
calcified rings of cartilage. 

The existing representatives of the Holocephali are only an insignificant 
remnant of a former much more extensively devolojied group of Elasmobranchs 
which appears first in the Lower J urassic, and is perhaps genetically connected 
with the Cochliodontidae. 



^ /Jean, B., Chimaeroitl Fishes. Carnegie Inst. Washington, Publ. no. 32, 1906. — Oarman, S., 
The Chimaeroids. Bull. Miis. Corap. Zool. Harvard, vol. xli., no. 2, 1904. — The Chismopnea 
(Chimaeroids), Mem. Mus. Comp. Zool. Harvard, vol. xl., no. 3, 1911. 
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Family 1. Squaloraiidae.i 

Trunk depressed and elongated^ and head prod/uced into a long^ slender snout 
Lower dentition comprising one pair, upper dentition two pairs of thin corrugated 
dental plates without definite tritors. Males with a prehensile spine on the snout. 
Dorsal jin spine absent. Numerous conical or stellate dermal tubercles. Lower 
J urassic. 

Sgualoraja Eilcy (Spinacorhinus Ag.). Tail tapering to a point, Ilostral 
spine with expanded base, tapering to a j)oint in front. Vertebral rings well 
calcified, consisting of several concentric laniellae. S. polyspondgla Ag. sp., 
known by nearly complete skeletons 45 cm. in length, from the J.ower Idas of 
Lyme Ilegis, Dorset. 


Family ' 1 , Myriacanthidae.2 

Trunk elongated. Two or three, upper pairs and one lower pair of thin dental 
plates, also a stout, median, incisor-like tooth at the symphysis of the mandible. Head 
with a few dermal plates. Males with a prehensile spine on the snout. Anterior 
dorsal fin above the pectorals, with a long, straight, robust spine. Jurassic. 

Myriacanthus Ag. (Prognathodus Egerton ; Metopacanthus Zittel). Eostriim 
with a terminal cutaneous fiap. Anterior upper dental plates smaller than the 



x 



Fid. 1.02. 

Chiinmrojms pnradoxa Zill. Upper Juni8.sic (Lithojjrftpliic Stone); Kiclibtadt, Bavaritt. */.j nat. size. 
ru4, mandibular denial plate; />, binder ujiper dental plate* ?% nnterini- upjwr denbil j>late in side view; 
ri, same from lower Hi»le ; x, slender jireniandibular (symphy.sill) tootb. 

posterior plates. Dorsal fin spine long and slender, somewhat laterally com- 
pressed, with a large internal cavity ; sides ornamented wdth small tubercles ; 
a series of large, thorn-shaped tubercles arranged along each edge of the 
flattened posterior face, passing into a single median row distally, and a single 
series of similar denticles on the anterior border. Rostral spine elongated 
and pointed, with expanded base. Dermal plates tuberculated. M. paradoxus 
Ag., and M, granulatus Ag., from Lower Lias of Lyme Regis. A dorsal fin 
spine (M, bollensis E. Fraas) from Upper Lias, Holzmaden, Wiirtemberg. A 
dental plate from Inferior Oolite, Gloucestershire. 

^ Reis, 0. M., Geol. Mag. [4], vol. ii,, p, 1895. — Woodward, A. S., I’roc. Zool. Soc., 1886, 

p. 527 ; 1887, p. 481. 

^ Woodward, A. S., Aim. Mag. Nat. Hist. [6], vol, iv., p. 275, 1889, ami Quart- dourn. Geol. 
Soc., vol. Ixii., p. 1, 1906. 
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AcanthorMim E. Fraas.^ Eostrum hardened into a pointed spine. Rostral 
spine of male small, enamelled, curved, and pointed. Three pairs of upper 
dental plates. Dorsal fin spine slender, not tuberculated. A. jaekeli E. Fraas. 
Upper Lias ; Holzmaden, Wiirtemberg. 

ChiTmeropsis {Fig. 152). Mandibular dental plates (mr/), slightly 

arched, with a large tritoral area; the symphysial tooth (x) externally 
(inferiorly) convex, internally (superiorly) flat or concave. Anterior (i’) and 
posterior {p) upper dental plates triangular, the former not smaller than the 
latter, and tapering in front, the latter tapering behind. Fin spine as in 
Myriacanthns. Body covered with small, conical, radiately grooved placoid 
scales. C. paradoxa Zittel, from Upper Juras.sic (Lithographic Stone) 
of Bavaria. 


Family 3. Chimaeridae. Chimaeras.*^ 

Trunk elongated^ shark-like. Teeth forming two pairs of robust dental plates in 
the upper jaw^ the foremost the smaller, both pairs thickened and closely apposed in 
the longitudinal mesial line of the mouth ; lower dentition comprising a single pair of 
heak'Shaped plates meeting at the symphysis ; the plates usually with several triiors. 
Pectoral fins very large, fan-like, with simple, horny rays ; anterior dorsal fin above 
the pectorals, with a large spine articulated to a cartilaginous base ; posterior dorsal 
fin low, much extended. Skin naked, or with shagreen granules. Jurassic to Recent. 

Ischyodus Egerton ^ {Leptacanthus Ag. ; Auluxacanthus Sauvage ; Chimaer- 
acanthus Quenstedt) (F'ig. 153). Lower dental plates rhomboidal, with a 
narrow symphysial facet ; up[)er part of outer face covered with a thick 
layer of dentine, and oral margin sharp ; four rough punctate tritors present. 
Posterior upper dental plates triangular, tapering in front, with four tritors ; 
anterior upper teeth square, antero-posteriorly compressed. Dorsal fin spine 
laterally compressed, smooth or longitudinally striated, with a double 
longitudinal series of denticles on the hinder face. Males with a short, 
arched head spine, bearing a cluster of denticles at the end. Nearly complete 
skeletons of 1. avitus Meyer sp. (Fig. 153), and L quenstedti Wagner, from the 
Lithographic Stone of Bavaria. Detached dental plates from the Bathoniaii 
(Stonesfield Slate) to the Upper Cretaceous of England, France, Germany, 
and Switzerland ; from Portlan<lian, Moscow ; also from Cretaceous of Ainuri 
Bluff, New Zealand. 

Ganodus Ag. Dentition as iif Ischyodus, but posterior uyjper dental y)late 
deeply excavated behind, with a double longitudinal scries of numerous small 
tritors. Bathonian (Stonesfield Slate) ; England. G. oweni Ag., and other 
species. 

Pachymylus A. S. Woodw.'" Middle Jurassic (Oxford Clay) ; England. 

Brachymylus A. S. Woodw.'^ (Aletodus Jaekel). Middle and tipper Jurassic 
(Oxford and Kimmeridge Clays) ; England. Lower Jurassic ; Wiirtemberg. 

' Fraas, E., Jabresh. Vereins f, vaterl. Naturk. Wiirtt., 1910, p. 55. 

2 Riess, J., Pal aeon tographica, vol. xxxiv., p. 21, 1887. 

® Hnssakof, L., Cretaceous Chimoeroids of North America. Bull. Anier. Mils. Nat. Elist., vol. 
ixxi., art. xix., 1912. — Newton, E. T., Chimaeroid Fishes of British Cretaceous Rocks. Mem. 
Geol. Survey, moa, no. iv., 1878. 

* Ammon, L. von, Ber. naturw. Vereius Eegemsburg, pt. v., p. 1, 1896. — Geogn. Jahresh., 1899, 
p. 1. — Dean, B., Mem. Amer. Mus. Nat. Hist., vol. ix., pt. v., p. 259, 1909. — Philippi, K., 
Palaeontographica, vol. xliv., p. 1, 1897. 

® Woodward, A, S., Ann. Mag. Nat. Hist. [6], vol x., p. 13, 1892. 
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Edaphodon Buckland (Passalodon Buckl. ; Eumylodus, Mylognathus Leidy ; 
Dipristis Marsh; Bryactinus Cope) (Fig. 154). Lower dental plates with a 



Fia. 163. 


Ischyodiis aHtus H. v. Meyer 
Bp. Almost conmietxs skeleton, 
1/2 nat. size. Upper Jurassic 
(Lithographic Stone); Bichstiidt 
(after U. v. Meyer). 


broad symphysial facet ; posterior upper dental 
plates tapering in front, truncated behind, and 
with three tritors. Cretaceous and Eocene of 
Europe and North America. Also Oligocene and 
Miocene in Europe. E, antwerpie.nm Leriche, Mio- 
cene, Belgium, is latest species. 

Isoiaenia, Leptomylus Cope. Cretaceous ; New 
Jersey, U.S.A. 

Elasmodedes Newton {Ehsmognatims Newton nec 
Gill). Mandibular teeth laterally compressed and 
trenchant, with a series of small tritors along the 
oral border. E. secans A. S. Woodw., from Kim- 
meridge Clay, Weymouth. E, willetti Newton, from 
Lower Chalk, Kent. 

Elasmodus Egerton. Upper Cretaceous of Bel- 
gium ; Eocene of England and Prussia. 

Amylodon Storms.^ Upper Oligocene (Rupelian) ; 
Belgium. Perhaps identical with llhmocliimaera 
Garman, existing in sea off Japan. 

Dental plates of the existing genus Callorhyn- 
dms Gronow have been identified from the Creta- 
ceous of Amuri Bluff, New Zealand, and the Lower 



Fia. 154. 


Kdapliodon sedgwicki Ag. sp. Dental plates, 1/2 nat si^e. Lower Chalk ; 
Lewes, md, left mandibular dental plate, inner aspect ; p, left hinder upper 
dental plate, oral aspect ; v, left anterior upper dental plate, inner aspect ; 
a, tritors ; symphysial border fafter B. T. Newton). 


Tertiary (Patagonian Formation) of Santa Cruz, Argentina ; of the existing 
^ Stomis, 72., Bull, Soc. Beige G14ol., etc, vol. viii., p. 71, 1895, 
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genus Chimaera Linn., from the Eocene of England, the Oligocene of Belgium 
(C, gosseleii Winkler sp.), and the Upper Tertiary of Europe, Australia, New 
Zealand, and Java.^ 

Fossil eggs of Chimaeroids have been described from the Lower Jurassic of 
Wiirtemberg," the Upper Jurassic of Verdun (Meuse), and the Upper Creta- 
ceous of Wyoming, U-S-A."^ 


Ichthyodorulites. 


Fossil fin spines consisting of vasodentine, and thus presumably refer- 
able to the Elasmohrmichii, are frequently found isolated especially in the 
Palaeozoic formations, and can only be in part assigned 
to definite genera. These are therefore described under 
provisional generic names. Most of them are bilaterally 
symmetrical, and may be regarded as median dorsal 
spines ; but several are distinctly rights and lefts, and 
belong either to the paired fins, as in 
Aeanthodidae, or to the side of the head, 
as in Menaspis among CochUodoniidae. 

In the unsymmetrical spines the base 
is, as a rule, abruptly truncated ; in the 
bilaterally-symmetrical dorsal spines 
it is usually elongated and tapers to 
the proximal end. 

Among the Ichthyodorulites not 
yet referable with certainty to definite 
genera or families, the following may 
be enumerated : 

(a) Slender, bilaterally -sym me tri> 
cal spines, with a smooth base sharply 
separated from the exserted portion ; 
internal cavity open posteriorly to- 
wards the base. Onchus Ag/' (Fig. 

155); Upper Silurian and Devonian, 

Europe and eastern North America. llomacanthus 
Ag. ; Devonian and Lower Carboniferous. Striacanthus 
Hills ; Upper Devonian, Victoria, Australia. Acondyla- 
canthus St. J. and Worth. ; Asteroptychim M‘Coy ; Lis- 
pacanthus Davis; Geisacanthus St. J. and Worth.; 

Lower Carboniferous. Lepracanthus Owen ; British Coal 
Measures. 

(2>) Slender, bilaterally symmetrical spines, with little 
or no smooth inserted portion, and internal cavity only 
open at the proximal end. Gnathacanthus Davis, Lower 
Carboniferous ; Armagh, Ireland. Pristomnthus Ag. Bathonian ; Oxfordshire 
and Normandy, 



Fio. 155. 


Onchns tenuistriatvs Ag. 
Fin spine, nat. size. Upi)er 
Silurian ; Ludlow, Kngland. 


Fia. 156. 

M(U‘ha»racaiithm major 
Newberry. Middle Do- 
A'onian ; Saiidu«ky, Ohio. 
V 2 nat. Bize (aftei* New- 
berry). 


^ Woodward, A. S., anti White, K. L, Ann. Mag, Nat. Hist. [10], vol. vi., p. 577, 1930. 

® Jaektl, 0., Neues Jahrb. f. Min., Beil. -Bel. xiv., p. 640, 1901. 

^ Leriche, M., Ann. Soc. Roy. Zool. Malacol. Belg., vol. xlviii., p. 146, 1914. 

^ Dean, B., Mem. Amer. Mus. Nat. Hist., vol. ix., pt. v., p. 266, 1909. 

* For microscopic structure, see Rohon, J, V., Mem. Acad. Imp. Sci. St.-Petersb., ser. 7, vol. 
xU., no. 5, p. 38, 1893. 
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(c) Kight and left paired spines, most probably connected with fins. 
Machaeracanthus Newb. (Fig. li>6); lieteraeanthus Newb. {Gampsacanthus 

S. A. Miller) ; Haplacanlhus Ag. Devonian ; Europe and 
North America. 

(d) Paired spines, usually with a broad, truncated base, 
a large internal cavity, and the outer face tuberculated. 

Probably lateral head spines, as in Menasjns among Cochlio- 
dontidae. Oracanikiis Ag. {Platyacanthm M‘Coy ; Pnigeacan- 
thus St. J. and Worth. ; Phoderacanthus Davis). Carboni- 
ferous of Europe and North America (spines already observed 
on either side of head in one example of Ddtoptychias, see 
p. 88). Physmiernus M‘Coy ; Xystracanihus I^eidy (perhaps 
Edestid, see p. 65) ; Drepanacaidhus Newb. ; PXisrnaamthus 
M^Coy ; Gampsacardhus St. d. and Worth (Fig. 157); Lecra- 
canthus^t, J. and Worth. ; Dipriacanthus M^Coy ; Stichacanihus 
Koninck, etc. Lower Carboniferous. 

(e) Sfunes of entirely doubtful position. Cynopodins Tra- 
quair. Lower Carboniferous ; Scotland. Eudenins Traquair. 

Coal Measures ; Scotland, England, and Ohio, U.S.A. Lisfra- 
canthus Newb. and Worth, (found associated with dermal 
tubercles named Peirodns M‘Coy or Ostinaspis Trautschold).^ 

Coal Measures ; Illinois, Indiana, and Ohio, U.S. A., also anmjmixinUuus typus 
Lancashire and Stalfordshire, England. Lower Carboniferous ; 

Belgium, Germany, and Scotlixnd, Stet/iacdtdhusNewh, Upper stone; st. Louis, 
fv » IT T 'c * Til* • IT Missouri J()lin 

Devonian and Lower Carboniferous ; Ohio, Illinois, and Iowa, atui worthen). 

Sub-Class 5. DIPNOI.^ Lung-fishes. 

Skeleton partially ossified, wdh numerous well-developed membrane hones, A 
parasphenoid hone. Pierygoquadrate arcade completely and immovably fused with 
the d'anium (autostylic) ; gill clefts feebly separated, opening into a cavity covered 
with a bony operculum. Dentition powerful for crushing. Paired fins paddk-like, 
with a long, segmeided cartilaginous axis {archipterygium of Gegenhaur) ; tail 
diphycercal, heterocercal, or gephyrocercal, but fin ‘usually with an upper lobe. In the 
living forms — optic nerves not decussating bid forming a chiasma, bullies arteriosus of 
the heart with numerous valves, intestine with a spiral valve, and air bladder lung-like. 

The internal skeleton of the Dipnoi is chiefly cartilaginous, but the upper 
and lower vertebral arches, the ribs and fin supports, all exhibit some super- 
ficial ossification. 

^ Woodimrd, A. S., (4«ol. Mag. [4], vol. x., p. 486, 1903. 

^ Bridge, T, W., Morphology of the Skull in the Paraguayan Lepidosiren and in other Dipnoids. 
Trans. Zool. Soc., vol. xiv., p. 1125, 1898. — Dollo, L., Sur la ])hylogciiie des Dipneustes. Bull. Soc. 
Beige G^ol., etc., vol. ix., Mem., p. 79, 1895. — Sur un Dipneuste nouveau , . . dans le DtWonien 
saperieur de la Belgicpie. Bull. Acad. Roy. Belg., Classe Sci., 1913, p. 16. — Gomlrich, E. S,, 
On the Cranial roofing-bones In the Dipnoi. Journ. Linn. Soc. — Zool., vol. xxxvi., p. 79, 1926. — 
Gunther, A,, Description of Ceratodus. Phil. Trau.s, Roy. Soc., vol. clxi., p. 511, 187L — Huxley, 

T, //., On Ceratodus. Proc. Zool. Soc., 1876, p. 24. — Miall, L. C., Monograph of the Sireiioid and 
Crossopterygian Ganoids. Palaeont. Soc., 1878. — Pander, C. H., tJber die Cteuodipterinen, etc., 
des devonischen Systems. St. Petersburg, 1858. — Traquair, R, H., On the genera lUpterus, 
Palaedaphus, Holodus, and Cheirodm. Ann. Mag. Nat. Hist. [5], vol. ii., p. 1, 1878. — 
Watson, D. M, 8,, and Day, II., Notes on some Palaeozoic Fislies. Mem. Manchester Lit. and 
Phil. Soc., vol. lx., no. 2, 1916. — Watson, D. M. 8 ., and GUI, E, L., The Structure of certain 
Palaeozoic Dipnoi. Journ. Linn. Soc. — Zool., vol. xxxv., p. 163, 1928. 
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The Dipnoi differ from all other existing fishes, in the modification of 
the air bladder into a single or double elongated sac with numerous cellular 
spaces, which serves as a lung and is connected by a short tube with the 
anterior wall of the gullet ; moreover, in the peculiar characters in the 
structure of the heart, in the presence of internal narial oi)enings, and in the 
possession of the faculty of existing for a considerable period out of water. 
'J’hey were therefore at first regarded as fish-like Amphibians or scaly Sirens. 
The discovery of the “ Barramunda (Cerafodus forsieri) in the rivers of Queens- 
land confirmed the idea of their relationship to the Palaeozoic Crossopterygians 
previously suggested by Huxley. Nevertheless, they are distinguished from 
these and from all other Ganoids and Teleosteans by the autostylic arrange- 
ment of the jaws and the peculiar dentition. 

Family 1. Dipteridae. 

Cranial roof hones small and. numerous, covered wi.th cosmine. A pair of dental 
plates on the pterygopalatine hones, aiui an opposing pair on the, splenials ; these 
plates usually retaining traces of their component denticles. Jugular plates present, 
induding a median plate. Tail heterocercal : dorsal and anal Jins separate. Scales 
cycloidal, deeply overlapping, and their exposed portion covered with cosmine. 
Devonian. 

Dipferus Sedgw. and Murch. {Catopferus, Polyphractus Ag. ; Fentlaudia 
AVatson and Day ; Paradipterus Jaekel) (Figs. 158, 159). Base of cranium 



Fia. 158. 

IHpterus valenciennesi Sedgw. and Murch. lieHtoration by Traquair, about 1/4 nat. nizo. Middle Old Red 

Sandstone ; Scotland. 

covered with a toothless, broad, rhombic parasphenoid (PSph), which is 
flanked on either side by a pterygopalatine (P) extending forwards, meeting 
in the middle in a straight line and forming a triangular pointed plate, 
which serves as base for a large triangular dental plate {d) bearing tubercu- 
lated radiating ridges. The mandible is well ossified, with a single, large dental 
plate on the splenial of each side, and its tuberculated ridges radiating fan-like 
from within outwards. Two pairs of large jugular plates. Paired fins acutely 
lobate, the pelvic pair remote and opposed to the anterior of the two dorsal 
fins ; anal fin opposite the posterior dorsal. Scales nearly rhombic in their 
exposed portion. Complete, but mostly flattened and distorted examples of 
Dipterus valenciennesi Sedgw. and Murch., sometimes nearly half a metre long, 
are not uncommon in the Middle Old Red Sandstone of northern Scotland. 
Dental plates very abundant in Middle and Upper Devonian of central and 
eastern United States ; also found in the Devonian of Belgium, North Russia, 
and Novaia Zemlya. 

PalaedaphuB van Beneden {Heliodus Newb.) (Fig. 160). Only known by 
mandible and detached dental plates. In P. insignis van Ben. and de Koninck, 
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each lower dental plate, measuring 1 7 cm. in length, bears four smooth, obtuse 
radiating ridges. Upper Devonian ; Belgium, N. France, and Pennsylvania 


(P. lesleyi Newb. sp.). 



Fio. 150. 


Dipterus mlenrimnesi and M. Mhidle Old Red SatidHtone ; liannijiliirk. Roof ()f skull. R, Im- 

perfect palate (/'.Sp/», jMirasplienoid ; 7’, pteryj^opalatine, accidentally di\idftd into two pieces behind by a 
broken line ; <7, palitine dental plate). <’i Imperfect mandible with denial plate (d) (after Pander). 


tubercles sometimes present on the edge between the inferior notches for the 
narial openings. G. woodwardi Traq., history unknown. G. rigauxi Dutertre, 
from Upper Devonian, N. France. G, hcecheri Newberry, from Upper Devonian 


(Chemung), Pennsylvania, U.S.A. G, 
(Dipnorhynchus) sussmilchi Etheridge, a 
skull from Devonian, Murrumbidgce 
River, New South Wales.^ 

Eoctenodus Hills.*-^ Perhaps identical 
with Diptems, Upper Devonian ; N. W. 
Gippsland, Victoria, Australia. 

Conchodus M‘Coy. Dental plates 
thin, almost smooth, with a few short 
radiating ridges at the outer border. 
C, ostreaeformis M‘Coy, from Upper Old 
Red Sandstone, Elgin. Other plates 
from Devonian, N. Russia and Latvia. 

Synthetodus Eastman, Upper De- 
vonian ; Iowa, U.S.A. 

Holodus Pander. Devonian ; Orel, 
Russia. 


(i 



Palaedaphw insignis van Benoden and de Koninck. 
Imperfect mandible, 1/4 nat. size. Devonian ; Li^ge. 
c, dental plate ; d, dentary ; op, splenial ; y, lateral 
fossa (after Traquair). 


Family 2. Uronemidae.^ 

Upper dentition consisting of small, hlunt, conical denticles on the pterygo- 
palatine hones; lower dentition of similar denticles on the splenial. Median jins 
^ Etiieridge, R., Roc. Australian Mils., vol. vi., p. 129, 1906. 

® Hills, E. IS., Proc. Roy. Soc. Victoria, vol. xli., p. 193, 1929 ; alsoGeol. Mag., 1931, p. 222. 
^ Weitzel, K., Gonchopmna gadifortns Kner, eiii Lungenfisch aus clem Rothliegenclen. Abhandl. 
Senckenborg. Naturf. Ges., vol. xl., p. 169, 1926. 
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cmtinmus and tail diphy cereal or gephyroc^rcaL Lower Carboniferous to Lower 
Permian (? Lower Trias). 

Uronemus Ag. {Ganopristodas Traq.). Body laterally compressed, with 
small and very thin scales, which are faintly striated. Paired fins acutely 
lobate. Dorsal fin arising shortly behind the head. Parasphenoid toothless ; 
a row of laterally compressed conical teeth, larger than the tubercular teeth, 
along the edge of the pterygopalatine and splenial bones. U. Mat us Traq. 
and U. splendens Traq. from Lower Carboniferous, near Edinburgh. 

Conchopoma Kner. Parasphenoid w-ith tubercular teeth. Lower Permian ; 
Bhenish Prussia. Peplorhina Cope. Coal Measures ; Linton, Ohio. 

1 Gosfordia A. S. Woodw. Head very small. Body laterally compressed, 
with small and very thin scales, which are striated. G. trmcaia A. S. W., from 
Hawkesbury Beds (Lower Triassic), New South Wales, Australia. 

Family 3. Phaneropleuridae. ^ 

Cranial roof bones small and numerous, not enamelled, A row of teeth on 
premaxilla and maxilla ; dental plates as in Dipteridae. A single pair of jugular 
plates. Tail diphycercal, gephy race real or heferoCr('rcal, and dorsal fins almost or 
completely continuous with it. Seales thin and cycloid, deeply overlapping, the outer 
layer of the exposed portion reduced to spinelets. Upper Devonian. 

Phaneropleuron Huxley. Upper dental ])lates triangular, wuth straight 
and crenulated ra<liating ridges. Long dorsal fin continuous with the caudal, 



Sraumenacia curta Wliiteaves sp. Restoration by Jlussalvof, 2/3 nat. size. Upper Devonian ; Scaunn^nac 

Bay, Quebec. 

but small anal fin separate. Scales marked with delicate radiating striae. 
P. andersoni Huxl., known by well-preserved specimens 30 cm. long from 
Upper Old Ked Sandstone, Fifeshire. 

Scaumenacia Traquair (Canadipterus Jaekel) (Fig. 161). Two extended 
dorsal fins, as well as the anal fin, separate. S. curta Whiteaves sp., from 
Upper Devonian, Scaumenac Bay, Quebec, Canada. 

Family 4. Otenodontidae. 

Cranial roof hones numerous, not enamelled. No marginal teeth ; dental plates 
as in Dipteridae. Jugular plates reduced or absent. Tail diphycercal or gephpro- 
cereal, and dorsal fins continuems with it. Scales large, thin and cycloid, deeply 
overlapping, the exposed portion marked with a coarse reticulatio7b. Carboniferous 
and Permian (1 Lower Trias). 

^ tiusaakof, L., Devoiiic Fishes from Scaumenac Bay, Quebec. New York State Mils. Bull. 
158, p. 127, 1912. 
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Ctenodns Ag. (Fig. 162). Hinder border of cranial roof with one median 
occipital plate, with a pair of plates immediately adjoining in front. Dental 
plates with numerous tuberculated 
or crenulated radiating ridges. 

Dorsal and anal fins continuous 
with the caudal ; scales almost 
(piadrate in shape, but with rounded 
angles. C. cristatus Ag. Dental 
plates common in the Carboniferous 
of P]urope and North America ; fine 
portions of skeleton in the English 
Coal Measures. G. hreviceps A. S. 

Woodw., skull from Carboniferous 
of Victoria, Australia. 



Fi(i. 162. 

Cteuoilus cristatus Ag, Pterygopalatine wiUi 
dental plates, size. Coal Measures ; News- 

ham, Northumberland (after Hancock and At- 
they). Oral surface of dental plates really 
concave. 



Fio. 103. 

Sfigenodus rofteanus VVilliston. Lower (1) and upper (2) 
jaws with dental plates. Coal Measures ; Kansas, arf, 
artiaular ; jw, parasphenoid ; pt, pterygopalatine ; sp, 
splenial. After Williston. 


Sagenodus Owen^ {Megapleuron Gaudry ; Ptyonodus Cope) (Fig. 163). 
As Ctenodus, but dental plates with fewer ridges, and median occipital plate 
with another unpaired plate immediately in front of it. S, imequalis Owen. 
Scales and dental plates common in the Carboniferous and Lower Permian of 
Europe and North America; fine skeletons in the Lower Permian of Bohemia 
and France. S. laticeps A. S. Woodw. (1 Ceratodus) ; portions of fish from 
Triassic, New South Wales. 

Gmthorhiza Cope. Comparatively small dental plates, with very sharp, 
compressed, radiating ridges, three in the lower, four in the upper plate. G, 
pudlla Cope sp. Permian ; Illinois, Texas, and Oklahoma. Upper Permian 
or Lower Triassic; Vologda, Russia. 

^ Wtllutorii S. W.f Kansas Uiiiv. Quart., vol. viii., p. 175, 1899. 
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Family 5. Ceratodontidae. 

Cranial roof bones few, thin and not enamelled. No marginal teeth. A pair of 
dental plates on the pterygopalatine hones, and an opposing pair on the splenials ; 
also a pair of small cutting teeth on the vomer. Jugtdar plates absent. Faired fins 
acutely lohate and scaly. Median fin continuous, and tail diphycercal or gephyrocerral. 
Body covered with large, thin, elastic, cycloid scales unthoid a bony basis. Triassic 
to Recent. 


Ceratodus Ag. [Hemictenodus Jaekel; Metaceratodus Chapman) (Figs. 164, 
165).i The pectoral and pelvic fins are fringed with membrane stiffened by 
fine rays. The upper vertebral arches, spinous processes, ribs, and fin supports 
are superficially ossified. The flattened roof of the skull consists of two 



Ceratodus forsteri Krefft. Lateral aspect of flsh (A), base of skull (B). and mandible (C\ reduced Heceiit • 

i J pteiygopalatine ; Qu, quwlrato ; Fo, vomer (after Gunther) ; D, Ceratodus Lupi Aa. Mandibular dentei 
plato on bony base, 1/3 nat. size. Lettonkohle *, Hoheneck, near Ludwigsburg. 


large median plates, one behind the other, and two pairs of lateral plates. 
On the lower^ side of the chondrocranium there occurs the long paraaphenoid 
with its rhombic anterior expansion flanked on either side by the ptery- 
gopala tines [Ft). The latter bones meet in a median suture in front, and each 
bears a large triangular dental plate (d), with radiating ridges. The vomerine 
cartilage (fVj bears a pair of sharp, chiseFshaped teeth {d^) (not yet seen in 
fossils). On the splenial of each ramus of the mandible there is also a dental 
plate with deep, radiating ridges. The opercula, sub-opercula, hyoid bones, 
and branchial arches are ossified ; the quadrate {Qu) remains cartilaginous. 


Chapman, F., New Species of Ceratodus from the Cretaceous of New South Wales. Proc. 
Roy. ^c. Victoria, n.s., vol. xxvii., pt. L, m4.-^TMngman, U. A., Notes on Mpicmito^is. 
Mem. Queensland Mus., vol, ix., p. 160, 1928.— E. vmi, and Peyer, B., tlber rezente und 
tnassische ^bisae von Ceratodontidae. Zeitschr. Deutsch. Geol. Ges., vol. Ixix., p. 1, 1917 — 
Teller, F., Tiber Ceratodus sturi. Abh. k. k. geol. Reichsanst. Wien, vol. xv., 1891.— 

West Australia. Aun. Mag. Nat. Hist. [9], vol. xvi., p. 189, 

^ P- 1»26.— K. A. von, Tiber Ceratodus. 

Sitzb. k. Bay. Akad. Wiss., math..phys. Cl., 1886, 



StJB-OLASS VI 


GANOIDEI 


106 


In the living Ceratodus {Neoceratodus Castelnau ; Epiceratodus Teller) the 
upper and lower dental plates bear six ridges radiating outwards. The 
corresponding plates occurring in the Trias, namely, 
in the bone-beds of the Muschelkalk, Lettenkohle, 
and Rhaetic, are distinguished by their larger size 
and a different number of ridges. As a rule, the 
upper dental plates exhibit five, the lower only 
four radiating ridges. The oldest known species 
(6\ (irenaceus Querist., C, prise, us E. Fraas) are from 
the Bunter Sandstone of Germany. The largest 
teeth occur in the Keuper (C. runeinatus Plien.) 

(Fig. 165) and Rhaetic {C. latissimus Ag.) of Europe. 

A well-preserved skull (6\ stnri Teller) from the 
Upper Keuper of Polzberg, near Lunz, Lower 
Austria, is more ossified than the skull of the exist- 
ing Ceratodus, Of the same age are teeth found 
in Spitzbergen, Arizona, New Mexico, and Texas 
(U.S.A.), in the Kota-Maleri beds of India ((/. 
hislopianus Oldham) and the Karroo Formation of 
South Africa (0. capeusis A. S. Woodw., C. ornatus 
Broom, C. kanneniei/eri Seeley). Small teeth occur 
in the Bathonian of England {C, phillip,m Ag.), 
the Jurassic of Madagascar {C. madagascariensis and iioiH*r>«ck. 

C, aeutus Priem), the Lower Jurassic of Victoria, 

Australia ((7. avus A. S. Woodw.), and the Jurassic of Colorado and Wyoming, 
U.S.A. (O', gnentheri Marsh, C. americanm Knight) ; others in the Cretaceous 
of Egypt {C humei Priem), Central Africa (0, africanns Hang), Patagonia (C, 
iheringi Ameghino), and Now South Wales (C. wollastoni Chapman). Extinct 
species in the Pleistocene of Australia. 



Fio. nir». 

('eralodna runcinains Plleniiiger. 
Upper dental plate, nat. size. Lotten- 


Family 6. LepidosirenidaeJ 

Cranial roof hones much reduced^ thin and not enamelled. Dental plates with well- 
separated ridges. Body much elongated^ median fin continuous, and tail diphycercal or 
gephyrocercal. Paired fins reduced to rod-shape. Scales small. Tertiary and Recent. 

Lepidosiren Natterer. Living in fresh-waters of South America. 

Protopterus Owen. Living in fresh-waters of tropical Africa. Dental 
plates from Oligocene of the Fayum, Egypt {P, libycus Strorner), and Lower 
Miocene of British East Africa. 


Sub-Class 6. GANOIDEI.*^ Enamel-scaled Fishes. 

Trunk and tail usually covered with ganoid scales, rarely naked or with bony 
plates. Skull covered with dermal hones, or completely ossified ; a parasphenoid hone ; 

^ Strorner, E., Gebiss der Lepidosirenidae. Festschr. f. 11. Hertwig, vol. ii., 1910. Also 
Zeitschr. Deutsch. Geol. Ges., vol. 66, Monatsb., p. 420, 1914. 

* Cope, E, IK, Trans. Amer. Phil. Soc., vol. xiv., p. 446, 1871 ; and Ainer. Nat., vols. xix., 
XX., xxi., xxiii., 1886-89.— l<„ Betraclitungen iiber die Gauoiden als naturlicbe Ordmuig. 
Sitzungsb. k. Akad. Wiss. Wien, math. -naturw. Cl., vol. liv., 1866. — Lutken, Chr,, tJber die 
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pterifgoquadraie arcade movahly artknlafed with the cranium (hyostylic) ; mandible 
more or less complex ; gill clefts feebly separated, opening into a cavity covered with 
a bony operculum. Ferlehval column airtilaginous, or with various degrees of 
ossification. Fin rays articulated, and f ulcra usually present. Faired Jins well 
developed ; fail diphycercal, gephyrocercal, hetei'ocercal, or hemi-heierocercal. In the 
living forms — optic nerves not completely decussating hut forming a chiasma, bulbus 
arteriosus of the heart with numerous valves, intestine with a spiral vulre, ami air 
bladder connected by a tube with the gullet. 

When founding the “ Order of Ganoids, Agassiz paid attention exclusively 
to the dermal skeleton, and included under this denomination all fishes with 
scales which consisted of a bony lower layer and a superficial covering of 
enamel or ganoine. 

Johannes Muller first attempted to define the Ganoids from anatomical 
characters. After the removal of the Flecfognathi, Lophohranchii, and Siluroidei, 
recognised as true bony fishes, and after the assignment of Lepidosiren to the 
Dipnoi, there still remained as true Ganoids a large number of recent and fossil 
fishes, which, according to Johannes Miiller, formed a distinct Sub-Class between 
the Elasmobranchii and the bony fishes. While the condition of the muscular 
bulbus arteiiosus, the incomplete decussation of the optic nerves, and the spiral 
valve in the intestine, agree with the former, the arrangement of the head bones, 
the structure of the fins, and usually also the ossification of the skeleton, 
are suggestive of the bony fishes. After C. Vogt had recognised in the 
anatomical structure of Jmia a true Ganoid, with thin elastic cycloid scales 
and a completely ossified skeleton, the line of demarcation between the 
Gauoidxi and Teleostei seemed to have been absolutely destroyed. Kner, 
Thiolliere, Owen, and more recently Cope and A. S. Woodward, have ventured 
still further, suppressing the Ganoidei as a separate group, and uniting its 
members with the Teleostei under the general denomination of Teleostomi. 

The most conspicuous, even if not the distinctive, feature of the Ganoids 
consists in their dermal covering. Except some of the early Dipnoi, no other 
fishes possess scales which consist of a thick bony inner layer and an outer 
enamel layer. In no other group is there a union of scales by peg-and-socket 
articulations, such as is characteristic of the rhombic-scaled Ganoids. There 
are, however, ganoid scales of rounded form, which overlap each other exactly 
like cycloid and ctenoid scales, and which are sometimes not perceptibly 
thicker than the latter ; but these rounded scales [Caturus, Megalurus, 
Oligopleurus, Amia) exhibit beneath the enamel covering an inner layer with 
bone cells, though sometimes its thickness is excessively reduced. The 
Spatularias are characterised by the complete absence of scales, except on 
the upper lobe of the tail ; in the Sturgeons the body is partly covered with 
large bony plates. 

The structure of the internal skeleton of the Ganoids is of special interest, 
notably that of the vertebral column. In some Chondrostei (Acipenser) the 
vertebral axis, with its arches and spines, remains completely cartilaginous ; but 

Begrciiziing mid Bintlieilung tier (Tiinoideu. Palooontogr., vol, xxii., 1868. — Miller, Joh,, ttber den 
Ban nnd die Grenzen der Ganoiden. Abhandl. k. Akad. Wiss., Berlin, 1834, 1836. — Stromer, K., 
Der Buckgaiig der GaiioitUisch von der Kreidezeit an. Zeitsebr. Deutsch. Geol. Gea,, vol. Ixxvii., 
Abh. p. 848, 1925. — Vogt, O., Qnelques observations qui servent il la classitication des Ganoides. 
Ann, Sci, Nat., Zool., ser. 3, vol, iv., 184.5. — Woofhmrd, A. *8., Fos.sil Fishes of Upper Lias of 
Whitby. Proc, Yorks. Geol. Polyt. Soc., vol. xiii., 1896-98. 
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in Spainlaria, the older Crossopterygiiy almost all PaUieoniscidae and Platysomidae, 
and part of the Proiospondijli, there is a partial or complete ossification of the 
arches, spinous processes, and supports of the median fins, this beginning at 
the surface and extending inwards, so that a cartilaginous core is usually 
surrounded by a hollow bony cylinder. Rarely, when there are no ossified 
vertebrae, the arches expand proximally to surround the notochord (Fig. 166). 
More usually (Fig. 167) there develops below the notochord a horseshoe- 
shaped })ony plate {hypocenirum, inter centrum), to which 
the haemal arch in the caudal region is fixed ; the up- 
wardly directed side -pieces of these hypocentra are 




Fi<i. 166 . 

Two caudal vertcbrne 
of jtlafessus 

Ak. (afuT ll(*ckt*l). 


Fi<i. 1(;7. 

V(^rtol)rao «)f Kuthynotus (A), and Caturua furcatvs Ag. (J>). rib or 
haemal arch; hyc, hypocentrum ; n, neural aich; /*, i)arapopliysis ; pie, 
I)h;uroc.entruin : sp, cleft nciiral spine. 


mostly attenuated and pointed. The vertebral centrum proper is repre- 
sented by a pair of lateral bony jdates {pleurorenfra), which are usually 
pointed belo\v and frequently fused together dorsally, thus forming a second 
horseshoe-shaped half ring. According to their size the hypocentra and 


A i: 



Fio. 168 . 


.1, Caudal vorLe brae o.' Kurycornivs (fpfciosnsVi^&^n. B, verte- 
brae of Aniia calva Linn., from anterior part of caudal region. 
hy haemal arcli ; Ai/c, hypocentrum ; w, neural arch ; i>fc, pleuro- 
centrurn. 



Fio. 169. 

AspidorhyncliUff sp. Caudal 
vertebrae, each bearing a 
neural and haemal arch. 


pleurocentra more or less completely surround the soft, unsegmented noto- 
chord. Sometimes when the upper and lower lateral pieces do not taper but 
continue of uniform width, and meet together dorsally and ventrally, they 
form two narrow rings, which completely enclose the notochord (Fig. 168). 
In some genera (Eiirycormus) the anterior abdominal region consists of half 
vertebrae, while the caudal region consists of ring vertebrae, which are 
composed of two halves (Fig. 168). By the complete fusion of the two half 
rings there arise simple, sheath-like ring vertebrae (Fig. 169). In the Amiidue 
the vertebral centra of the abdominal region are completely ossified and 
biconcave {amphicoelon^, while some of those of the caudal region are still 
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divided into two halves, which correspond with the hypo- and pleuro-ceiitra 
(Fig. 168, B). 

The complete ossification of the vertebral column, as in the bony fishes, is 
observed only among the latest representatives of the Ganoids, namely, the 
Polypteridae and the Lepidosteuiae. Among the latter, moreover, the verte- 
bral centra are only concave behind, convex in front (opisthocoelous). 

The hinder end of the vertebral column is always produced into the caudal 
fin. The true diphycercal condition (see p. 12) constantly persists in some 
Crossopterygians [Coelacanthidae) and Chondrosteans (Belonorhyrichidae). In 
most Crossopterygians the caudal fin is hetero-diphy cereal^ that is, the vertebral 
column extends straight, but the rays of the upper lobe of the fin are more 
delicate and shorter than those of the lower lobe. True heterocercy and hemi- 
heteroc£Tcy (internal heterocercy, external homocercy, see p. 12) are very common. 

In many Ganoids the unpaired fins, and sometimes also the paired fins, are 
fringed on the anterior border with the so-called fulcra — scale-like spines or 
plates covered with enamel, which are serially arranged and partly overlap 
one another. All the fin rays consist of two (right and left) halves, and are 
transversely jointed, usually also branched distally. 

Like the vertebral column, the skull also exhibits very variable degrees of 
ossification. In the cartilaginous Ganoids this is almost exclusively confined 
to a number of investing plates on the cranial roof and the basicranial axis. 
The pterygoid and palatine bones are still fused together ; the mandible and 
parts of the hyoid apparatus are ossified ; the opercular apparatus is feebly 
developed. In the Crossopterygii, Palaeozoic Chondrosiei, and Protospondyli, the 
ossification closely resembles that of the Teleodei, while the number and 
arrangement of the several bones agree essentially with the corresponding 
features in some of the least specialised members of the latter Sub-Class. 

In the structure of the pectoral arch, and esi)ecially of the anterior limbs, 
the various Orders of Ganoids exhibit considerable differences, and represent 
intermediate links between the Dipmi, Masmohrauchii, and Teleostei. In the 
Crossopterygii and Chondrosiei the clavicular arch on each side consists of three 
membrane bones, usually separate ; while in the Protospondyli and Halecostonn 
the lower segment [clavicle) disappears.^ The small structures behind and within 
the middle and largest segment [cleithrum) corresponding with scapula^ coracoid^ 
and precoracoid or mesocoracoid^ remain cartilaginous in the Chondrosiei^ probably 
also in the fossil Crossopterygii ; in the rest of the Ganoids, on the other hand, 
they are ossified exactly as in the Teleostei, Moreover, in the position and 
number of the basal supports in the pectoral fins, most Ganoids agree with 
the bony fishes ; the earlier Crossopterygii alone possessed a segmented 
cartilaginous axis, with biserial radial ia, as in the Dipiioi, 

Besides the anatomical characters in the dermal covering and the internal 
skeleton there are still others indicating that the Ganoids are a natural group 
of fishes. For example, the somewhat elongated muscular base of the principal 
artery [bulbus arteriosus) is provided internally, as in the Elasmobranchiiy with 
several rows of valves, which prevent the return of the blood from the artery 
to the ventricle of the heart. The gills, on the other hand, as in the Tdeoste% 
always lie free under an operculum, which usually consists of several bony 
plates. Again, by the possession of a spiral valve in the intestine, as well 

' Zittel agreed with his coutemporaries in naiiiing the lower segment ivfradavicUi the large 
upper segment clavicle. 
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as ill the structure of the urinogenital system, the Ganoids approach the 
Elasmohranchii more closely than the Teleostei ; on the other hand, they all 
possess an air bladder opening into the gullet, and also produce numerous 
small eggs. By the comjdete decussation of their optic nerves, the Teleostei 
are distinguished from the Ganoitlei, in which the branching optic nerves form 
a so-called chiasma. 

The Ganoids exhibit their greatest development in Palaeozoic, Triassic, 
and Jurassic formations ; and from the base of the Cretaceous system upwards 
they become more and more replaced by the bony fishes. The few still 
existing Ganoids live either exclusively, or at least partly, in fresh water, while 
the large majority of the fossil forms occur in purely marine deposits. As a 
rule, only the Devonian and Tertiary Ganoids occur in fresh water foi mations. 

The Ganoidei may be divided into four Orders: (1) Crossopierygii ; (2) 
Chondrostei ; (3) Proto spo iidyli •, (4) TIalecostomi. 


Order 1. CROSSOPTBRYGII. Fringe-finned Ganoids. 

Notochord j)ersistent or vertebral rings ossified. Tail diphycerral, hetero-diphy- 
cereal, or gepliyrocercal. Clavicle present Paired fins with a scaly axis fringed 
on both sides by dermal rays. Branchiosiegal apparatus between the rarni of the 
mandible consisting of a pair of large jugular plates, these in nuvny Palaeozoic genera 
fianked by a series of small lateral jugulars and an anterior median plate. Ganoid 
scales rhombic or cycloidal, completely covering the trunk and tail; outer layer 
consisting of cosmine. 

Of all fishes, the Palaeozoic Crossopierygii most nearly resemble the earliest 
Amphibia (or Stegocephali), which w^ere in part contemporaneous with them. 
The arrangement of the head bones corresponds very closely, and the complex 
structure of the mandible is almost the same in the two groups. The peculiar 
structure of the conical teeth, with a more or less complex folding of the 
walls of dentine, is also very similar; and there aie enlarged teeth on the 
vomerine bones in each. Some of the Crossopierygii, such as Osteolepis and 
Diplopterus, exhibit a pineal foramen, like nearly all Stegocephali. A few 
genera of the Rhizodontidae and Coelacm/nihidae also agree with the Stegocephali 
in having sclerotic plates round the eye. 

The Crossopierygii were divided by Cope into four Sub-Orders according to 
the condition of the median fins. The Rhipidistia, with a simple axonost and 
few baseosts in each dorsal and anal fin, include the Osteolepidae, Rhizodontidae, 
and Holoptychiidae, perhaps also the Urostheneidae. The Actinistia, with 
anterior dorsal fin lacking baseosts, are the Coelacanthidae, The Haplistia, with 
axonosts numerous and not fused, may perhaps be represented by the Tar- 
rasiidae. The Cladistm, or Polypteridae, may not be closely related to the 
other families ; their scales have a thick layer of ganoine covering the cosmine, 
as in the Chondrostean Palaeoniscidae. They are separated by Stensib as 
Brachiopterygii. 

In the skull of the Rhipidistian and Actinistian Crossopierygii, the basi- 
cranial axis is unossified for a short space between the basioccipital and 
basisphenoid bones, and the cranial roof exhibits a loose transverse suture 
above this region. The posterior and anterior halves of the skull would 
therefore be slightly movable on each other. 
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lainily 1, Osteolepidae.^ 

Body slender, with rJwmhir ganoid scales covered with cosvmu\ Teeth conical, only 
externally folded, at the base. Lateral jugular plates present. Ring vertebrae at 
least in the caudal region. Paired jins with a short, obtuse lobe. Two dorsal fins 
aiui one anal fin, each supported by a single axonost and a row of baseosts. Tail 
heterocercal or diphycercal. Devonian, Carbonif crons, and Lower Permian. 

Osteolepis Ag. [Tripterus, Triplopterus M‘Coy) (Fig. 170). Cranial roof 
bones in advance of the parietals fiised into a continuous shield, pierced by a 



Pm. 170. 

Osteolepis macrolepidot-us Aj;. llestoration by Traqnair, about Va size. Mitldlo Old Red Sandstone ; 

Scotland. 


median frontal (pineal) foramen. Internal nares. An anterior median jugular 
plate. Teeth round in section. First dorsal fin in front of the pelvic pair. 
Scales smooth and punctate. 0. macrolepidotus Ag. (Fig. 170) and 0. rnicro' 
lepidotus Pander. Middle Old lied Sandstone ; Scotland. Scales also in 
Devonian of Granite Harbour, Antarctica. 

Thursius Traq. As Osteolepis, but first dorsal opposite 
pelvic fins. Middle Old lied Sandstone ; Scotland. 

Diplopterus Ag. Middle Old Red Sandstone ; Scotland. 
Probably also in W. Norway. 

Megalichthys Ag. {Gentrodus M‘Coy ; Parahat radius Owen ; 
Ehornhoptychius Young ; Ectosteorhachis Cope). Cranial roof 
bones in advance of the parietals rarely fused into a con- 
tinuous shield, without a median frontal foramen. Teeth 
round in section. First dorsal tin nearly opposite the pelvic 
pair. Scales smooth and punctate. Carboniferous of Great 
Britain, Ireland, N. France, and North America. Lower 
Permian of Texas. M. hibberti Ag., the best known British 
species from the Coal Measures. 

Glyptopomus Ag. (Glyptolaemus Huxley) (Fig. 171). Bones of cranial roof 
not fused together ; a median frontal (pineal) foramen. External bones and 
scales ornamented with irregular reticulating rugae or fused series of tubercles. 
Upper Old Red Sandstone ; Scotland, possibly also Belgium and Pennsylvania. 



Fkj. 171. 

niyptopoviiis kinnairdi 
Huxley. Scale, enlarged. 
Upper Old Red Sand- 
stone; Dura Den, Fife- 
shire (after Huxley). 


Family 2. Bhizodontidae.^ 

Body covered with rather thin, imbricating, cycloidal ganoid scales. Teeth few 
and conical, with a well-defined pulp-cavity, the wall of which is radiately folded 

^ Ooodrick, E. Head of Osteolepis. Journ. Linn. Soc. — Zool., vol. xxxiv., p. 181, 1919. — 
Watson, D, M, 8,, Internal Ear of Osteolepis. Joiim. of Anatomy, vol. lix., p. 385, 1925. — The 
Evolntion and Origin of the Amphibia. Phil. Trans. Roy. Soc., vol. 214b, no. vi., 1926. 

2 Chdlmkmi, A. W., Crossopterygiens du Carbonifcre nisse [in Russian]. Bull. Coniitc Geol, 
Leuingra4l, vol. xlvi., p. 299, 1927. — Traquair, Jl. If., Cranial Osteolc^y of Rhizodnpsis, Trans. 
Roy. Soc. Edinb., vol. xxx., p. 167, 1881. 
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in the lower part of the crown {rhizodont). Enlarged lanianj teeth on several 
separate inner hones in lower jaw. Lateral and a median jugular plate present » 
Sometimes hong ring vertehrae. Paired fins with a shorty obtuse lobe. Two dorsal 
fins and one anal fin, each supported hy a single axonost aval a row of haseosts. Tail 
diphycercal or heferocercal. Devonian and Carboniferous. 



Ehizodus Owen {Megalichihys Ag. p.p.) (Fig. 172). Very large, incompletely 
known fishes with rough, rugose cycloidal scales. Clavicle with a long 
upwardly directed process. Teeth smooth, compressed to 
a sharp edge in front and behind. Jt hihherti Ag., and 
IL ornatus Tracj., from Lower Carboniferous, Scotland and 
Northumberland. Allied species in Coal Measures of 
North America. 

Sfrepsodus Young (Dendroptychius Young ; Archichihys 
Hanc. and Atth.). Large and medium-sized fishes with 
slender and somewhat curved teeth, which are not com- 
pressed to sharp edges. Clavicle with a long ui)wardly 
directed process. Vertebral centra are thin discs, pierced 
by notochord. S. sauroides Binney sp., from Coal Measures 
of England, Scotland, Ireland, N. France, and Silesia. 

S. Siberia cus Chabakov, from Lower Carbonifeious, Govt. 

Jenissei, Siberia. S. decipiens A. S. Woodw., from Carboni- 
ferous, Mansfield, Victoria, Australia. Other species from 
Lower Carboniferous of Scotland, Ireland, and Nova Scotia. 

Rhizodopsis Young (Dittodus, Ganolodus, Characodus, 

Gastrodus Owen) (Fig. 173). Scales oval, with an ex- 
tremely thin layer of cosmine. Teeth round in section, Tooth, Va size, 
smooth. Vertebral axis with ring vertebrae. The small 
type species represented by fine examples in the English 
Coal Measures. Fragments in the Coal Measures of N. France, Silesia, 
S. Russia, Nova Scotia, and Illinois. 

Tristichopteriis Egertoii. Teeth round in section. Ring vertebrae. Dorsal 
fins directly opposite pelvic and anal fins. Tail almost heterocercal and 
truncated. Scales with rugose cosmine. T, alatus Eg. Middle Old Red 
Sandstone ; Scotland. Probably also in W. Norway. 

Eusthenopteron Whiteayes {F\g. 30 B, p. 19).^ As Tristichopteriis, but teeth 
laterally compressed and tail diphycercal. Sclerotic plates round eye. E.foordi 
Whit. Upper Devonian ; Scaumenac Bay, P.Q , Canada. 

Gyroptychius M‘Coy. Middle Old Red Sandstone ; Scotland. 

Oricodus Ag. (Polyplocodus Pander). Upper Old Red Sandstone; Scotland, 
Latvia, Russia, and Belgium. 

Sauripterus Hall (F\g, 30 A, p. 19). Pectoral fin known. Upper Devonian ; 
Pennsylvania. 

Dictyonosteus Stensio.*^ Known by skull lacking occipital and auditory 


Fid. 172. 


^ Aldinger^ If., ttber einige Besonderheiten im Schiideldach von Eusth-enegderon foordi Wh. 
Centralbl. f. Min., etc., Abt. B, p, 300, 1931. — Bryant, W, L„ Structure of Eusthenopieron. 
Bull. Buffalo Soc. Nat. Sci., vol. xiii., p. 1, 1919. — Hussakqf, L., Devonic Fishes from Scaumenac 
Bay. New York State Mus. Bull. 158, p. 131, K. A., Caudal Fin of Emihen- 

opteron. Arcliiv for Zoologi, vol. 17 b, no. 11, 1925. 

® Stensifi, E. A,, Crossopterygian Fish from Upper Devonian of Spitzbergen. Bull. Geol. Inst. 
Upsala, vol. xvi., p. 116, 1918. — Notes on Certain Crossopterygians. Proc. Zool. Soc., 1922, 
p. 1241. 


112 


PISCES 


CLASS I 


region, displaying many anatomical characters. /?. arcticus Stensio. Upper 
Devonian ; Mimer Valley, Spitzbergen. 

Euporosfeus Jaekel. Middle Devonian ; Eifel. 

? Devonosteus Jaekel. Upper Devonian ; Wild ungen. 

? Ehomhoderma Chabakov. Scale from Lower Carboniferous, Uial, Russia. 


A B 



Rhisodopfiis sauroides Williamson sp. Outline restorations of head and opercular apfBTatus frf>in the upper 
(A), lower (fi), and lateral (C) aspects, about 1/2 Upper Carboniferous; Staflnrdshire. oj/, angular; 

d, dentary ; /, fronUl ; id, infradentary ; j, principal jugular ; ij, lateral jugular ; mj, median jugular ; md, 
mandible; mx, maxilla; op, operculum; or, orbit; pa, iiarietal; ;>/, postfrontal; pvix, promaxilla; pop, 
preoi>erculum ; so, siiborbital ; sop, suboperculum ; eq, squamosal ; st, supratemporal ; x, x’, cheek-plates (after 
Traquair). This is the original nomenclature of Traquair and Zittel. 

Family 3. Urostheneidae.^ 

Imperfectly known, hut paired Jins probably with a very .short, obtuse lobe. One 
large dorsal jin more or less opposed to the anal fin. Tail heterocercal, without fin 
rays on its upper margin. No ossified vertebrae. Body covered with thin, imhricat- 
ing, cycloidal ganoid scales, Permian. 

Urosthenes Dana. A stout fish with maximum depth of trunk at the 
origin of the dorsal and anal fins, which are directly opposed, longer than deep, 
gently rounded, each on a low lobe. Caudal fin truncated behind. All the 
fin rays slightly spaced, stout but most of them closely articulated and finely 
divided distally. Scales ornamented with sharp, delicate ridges in chevron 
pattern, the apex backwards. U. australis Dana and U, laiua A, S. Woodw., 
about 40 cm. long. Newcastle Coal Measures ; New South Wales. 

^ Woodward, A, S., On Urosthenes, Ann. Mag. Nat. Hist. [10], vol. vili., p. 365, 1931. 
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Family 4. Holoptyohiidae. 

Body covered with imhricatmg, cycloidal ganoid scales. Teeth numerous, solid, 
acutely conical, arranged on the border of the jaws; enlarged laniary teeth in a 
second inner series on several separate hones in lower jaw. The teeth distinguished 
by a very cmnplicated, meandering, folded structure (dendrodont). Lateral jugular 
plates present. No ossified vertebrae. Pectoral fins acutely lobate. Two dorsal fins 
and one anal fin, each borne by a single distally expanded axonost, followed by one or 
two rows of short baseosts, tvhich support the very numerous, fine, dermal fin rays. 
Tail heterocercal, Devonian. 

Holoptychius Ag. {Glyptolepis, Platygnathus Ag.) (Figs. 7, 174-176). Body 
rotund, the cycloidal scales large and thick, ornamented with irregular 



Fio. 174. 

Holoptychius Jlemingi Ag. IlestOTatioii by Traquair, about i/g nat. size. Upi)er Old Ked Sandstone ; Scotland. 


longitudinal wrinkles or ridges of cosmine, which are partly subdivided into 
tubercles. Hoad depressed, the bones superficially granulated ; teeth com- 

A 



Dendrodus hiporeatus Ag. Tooth in side view {A), and from below (B), nat. size, stone ; Wik, Russia, 

and transverse section of the same (C), highly magnitled (after Pander). Nat. size (after Pander). 


pressed to a pair of sharp edges at least near the apex. Middle and Upper 
Old Red Sandstone of Scotland, England, and Ireland, and the Devonian 
of Latvia, Russia, Bohemia, Belgium, the Eifel, the United States, Canada, 
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Greenland, Australia, and Antarctica. Some species over one metro long. 
H. 7whilissimns and H. fiemingi Ag. (Fig. 174) are well preserved in the Upper 
Old Red Sandstone of Scotland. Detached teeth have been described as 
Deiidrodus Owen ' (Fig. 175); Lammdus Ag. ; and Apedodns Leidy. 

Family 5. Ooelacanthidae.^ 

Body covered with imbricating^ thin cycloidal ganoid scales. Teeth small and 
conical^ more or less clustered. Only one opercular hone on each side and a pair of 
jugular plates ; several membrane bones in mandible. No ossified vertebrae. Arches, 
spinous processes, and supports of caudal fin superficially ossified. Air bladder 
ossified. Paired fins with a short, obtuse lobe. Each of the two dorsal fins and the 
anal fin supported by a simple, usually proximally forked jdate, which in the anterior 
doi'sal is in direct contact with the dermal rays. Caudal fin di 2 diy cereal, borne above 
and below by simple supports, one to each ray, and usually terminating in a small 
projecting tufted fin. Upper Devonian to Upper Cretaceous. 

The short obtuse lobe of the pectoral fin in the Coelacanthidae, so far as 
known, is supported by from four to six partially ossified rods which radiate 
from a centre on the pectoral arch.^ 

Diplocercides Stensio [ec Jaekel MS.). Structure of skull well shown. 

D, kayseri Koenen sj)., and D. jaekeli Stensio, from Upper Devonian, 
Wildungen, Germany. 

? Coelacanthopsis Traquair .^ Lower Carboniferous (Calciferous Sandstones) ; 
Fifeshire. 

1 Palaeophichthys Eastman. Coal Measures ; Mazon Creek, Illinois. 

Coelacanthus Ag. (Hojdopygus Ag. ; Cmichiopsis Cope ; Bhahdoderma Reis). 
Teeth absent on the margin of the jaws, but a few hollow, conical teeth 
within. Supplementary caudal fin jnominent. External bones and scales 
ornamented with series of tubercles or fine ridges of ganoine ; fin rays not 
denticulated. C. elegans Newb., from Coal Measures of Ohio, Britain, Belgium, 
N. France, and S. Russia. Several other species, not more than 50 cm. 
long, from Carboniferous and Permian of England, Scotland, Germany 
(Kupferschiefer), and North America. Also Permian or Trias, Madagascar ; 
Lower Triassic, Banff, Alberta, Canada; and Beaufort Beds, Orange River 
Colony, South Africa. C. lunzensis Teller, from Upper Trias, Raibl, Carinthia. 

Graphiurus Kner ; Heptanema Bellotti. Trias of Raibl and Perledo. 

Diplurus Newb. Trias ; New Jersey and Connecticut. 

IVimania, Sassenia, Axelia, Alylacanthus, Scleracanthus Stensici. Trias of 
Spitzbergen. 

Undirva Munster {Holophagus Egerton) (Fig. 177). Supplementary caudal 
fin prominent. All the fin rays robust, broad, and closely articulated distally ; 
the anterior rays of the first dorsal and caudal fins denticulated or tuber- 

^ Gross, W., Geol. u. Palaeont. Abhandl., n.f., vol. xviii., p. 139, 1930. 

® Huxley, T. H, Illustrations of the Structure of the Crossopterygiaii Ganoids. Mem. Geol, 
Surv., dec. xii., 1866. — Reis, 0., Die Coelacanthinen. Palaeontogr., vol. xxxv., p. 1, 1888; also 
Geogn. Jahresh., Miinchen, 1892, and Jahrb. k. k. geol. Peichsanst. Wien, vol. 50, p. 187) 1900. 
— Stensio, E. A,, Coelacanthiden ausdern Oberdevon von Wildungen. Palaeont. Zeitschr., vol. iv., 
p. 167, 1922. — Watson, I), M. S., Coelacanth Fish. Ann. Mag. Nat. Hist. [9], vol. viii., p. 820, 
1921. — Reproduction of the Oelacanth Fish, Undina. Proc. Zool. Soc., 1927, p. 458. 

* Woodward, A, 8., Mem. Geol. Surv. N.S. Wales, Palaeont. no. 9, p. 3, 1895 ; also WeUtmrv, 

E. D., Geol. Mag., 1901, p. 71. 

* Traquair, R, H., Proc. Roy. Phys. Soc. Ediub., vol. xvi., p. 84, 1905. 
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culated. External bones and scales rugose and tuberculated. Lower Lias 
to Purbeckian. U. (Holophagus) gulo Egerton, known by nearly complete 
skeletons from Lower Lias, Lyme Kegis. Especially fine specimens of 
[/. penicillata Miinst., from the Lithographic Stone of Bavaria ; the same or 
allied species in Cerin, Ain, France, and in L6rida, Spain. A specimen from 
the Lithographic Stone of Solenhofen, described by Watson, seems to contain 
two embryos. 

Lihys Miinst. ; Coccoderma Querist. Lithographic Stone (Lower Kim- 
meridgian ) ; Bavaria and Wurtemberg. C. suhstriolatvm Huxl. sp., from 
Kimmeridge Clay, England. 

Macropoma Ag. Maxilla, vomer, and palatine with conical teeth. Sup- 
plementary caudal fin absent. Fin rays robust and straight, not expanded 



rmr&k: 






Undxna penicillata Miinst. Upper Jurassic (f/ithosTrapliic 
Stone); Ijandt, near Eiehstadt. Vs nat. size, j, juKMjlar plates; 
b, scales from upper region of trunk of Undina event idem Iteis. 


distally, with distant articulations ; a double series of small, upwardly pointing 
denticles on nearly all the rays of the first dorsal and caudal fins. Ornament 
of scales spinous. Turonian and Senonian of Europe and Lebanon. M, 
mantelli Ag., about 60 cm. long, especially well preserved in the English Chalk. 

Mawsonia A. S. Woodw.^ Much resembling Macropomay but external 
bones without ganoine. M. gigas A. S. Woodw., a gigantic species with skull 
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Family 6. Tarrasiidae. 

Body elongated, covered in the caudal region with thick small rhombic ganoid 
scales. Pectoral fins with a short obtuse lobe. Median fin continuous, with a 
regular series of supports leas numerous than the fin rays. Tail diphycercal. • Lower 
Carboniferous. 

Tarrasius Traquair. Oalciferous Sandstone ; Eskdale, Dumfriesshire. 

^ Woodivardi A. S., Quart. Jouru. Geol. Hoc., vol. Ixiii., p. 134, 1907 ; also loc. cit., vol. Ixiv., 
p. 868. 1908. 
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Family 7. Polypteridae.^ 

Body covered with thicks rhombic, ganoid scales. Teeth sharply conical, with 
simple pulp-cavity. Only a single jmir of jugular plates. Vertebrae and the com- 
plete internal skeleton ossified. Pectoral jins with short, obtuse lobe, the numerous 
short, fan-like hasalia attached to two diverging Imies {propterygium and meta- 
pterygium) and a median mesopterygmm. Doi'sal fin single, remarkably extended, 
the spine-like fringed rays borne by a correspomling number of supports. Tail ge 2 diyro- 
cereal. Ter tiary and Recent. 

To this family belong the two genera, Polypterus G. St. Hilaire (Fig. 178) 
and Calamoichthys J. A. Smith, living in the rivers and lakes of tropical Africa. 

Scales are known from 
the Eocene of Egypt. 

According to Good 
rich this family should 
be placed near the Palae- 
rolypterus bkhir iieotfr. Recent; Upper NiU*. i/io >»al. size. oTiiscidaC ill t\\& CllOUdvOS- 

tei. Polypterus agrees 

with the Palaconiscids in the structure of the scales and head bones, and in 
some features of the skull ; its jugular plates may represent the enlarged 
anterior pair of branchiostegals of the Palaeoniscids ; and the structure of the 
paired fins is actinopterygian rather than crossop terygian. 

Order 2. CHONDROSTBI. Cartilaginous Ganoids. 

{Palaeopterygii Regan . ) 

Notochord persistent, and endoskeleton chicjly cartilaginous ; head covered with 
bony plates. No paired jugular plates, but usually branchiostegal rays with a median 
jugular jdate in front. Clavicle jiresent. Paired fins without a scaly axis, hut each 
pelvic fin with a row of cartilaginous basal sup^wrts. A single dorsal and anal fin, 
with dermal rays more numerous than their su 2 )ports. Caudal fin heterocercal 
{rarely diphycercol), and the upper lobe usually covered with rhombic scales. 

In the known families of this Order the maxilla is deepened behind, and 
the wide preoperculum, when present, extends above this expansion on the 
cheek. There is no coronoid process in the mandible. In the Palaeozoic and 
Triassic genera the chondrocranium is more extensively ossified than in the 
later genera. 

Family 1. Palaeoniscidae.* 

Trunk elongate fusif or m ; tail elongate-helerocercal. Head bones more or less 
enamelled ; parietal and frontal hones paired. Opercular apparatus lacking only 

^ (Goodrich, E, S., Polypterus^ Palaeoniscid ? Palaeobiologica, vol. i., p. 87, 1928. 

** Lainbe, L. il/., Palaeoiiiscid Fishes from the Albert Shales of New Brunswick, Coutrib. 
Canadian Palaeont., vol. iii., nieiu. no. 3, 1910. — Moodie^ R. L.^ Palaeouiscid Brain. Ann. Rep. 
lowaG^ol. Surv., 1929, vol. xxxv., p. 489, 1931. — Stensiti, E. A., Triassic Fishes from Spitzbergen, 
pt. i., Vienna, 1921 (on this see Allis, E. P., The Myodome and the Trigeniiiio* facialis Chamber 
in the Goelacanthidae and Pcdtieoniscidae, Journal of Anatomy, vol. Ivi., p. 149, 1922). — 
Traquavr, R. H., Tlie Ganoid Fislies of the British Carboniferous Formations. Palaeont. Soc., 1877- 
1901- — On Amblypterus, Pedaeoniseus, Gyrolepis, and Pygopterus. Quart. Jounj. Geol. Soc., 
vol. xxxiiL, p. 548, 1877. — On Eskdale Fishes. Trans. Roy. Soc. Edinb., vol. xxx., p. 16, 
1881. — Watson, D. M. S., Structure of Certain Palaeoniscids. Proc. Zool. Soc., 1925, p. 815; 
also loc. ciL, 1928, p. 49. — White, E. /., Fish-fauna of the Cementstonos of Foulden, Berwickshire, 
Trans. Roy. Soc. Edinb., vol. Iv., p. 265, 1927. 
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interoperculum. Teeth sleruler, conical or styliform ; a marginal series of small 
teeth, with larger teeth within. Scales ganoid, rhombic in shape, rarely cycloid on 
the trunk. Devonian to Weald en. 

Stegotrachelus A. S. Woodw. and White. Head short and deep ; mandibular 
suspensorium slightly oblique. Branch iostegal rays relatively large and few. 
Pelvic fins short-based ; dorsal and anal fins oj)posed ; caudal fin forked. 
Scales small, rhombic, not many deeper than long, all ornamented with 
horizontal ridges and intercalated pittings. A series of enlarged dorsal ridge- 
scales. S. finlayi Woodw. and White. Middle Old Red Sandstone ; Shetland. 
Small Palaeoniscids with similar 
scales occur also in the Upj)er 
Devonian of New York State 
{PaJaeoniscus devoniens Clarke), and 
of Granite Harbour, Antarctica. 

Cheirolepis Ag. Mouth large 
and mandibular suspensorium 
oblique. Pelvic fins long-based. 

Dorsal fin remote, arising behind 
the origin of the anal fin. Scales 
very small, rhombic, or almost 
square. C. cummingiae Ag. Middle 
Old Red Sandstone ; Scotland. C. 
canadensis Whiteaves. Upper De- tuherculatu.x XewU Coal MeasurcH ; Linton, Oliio. 

vonian ; Scaumenac Bay, Canada. 

Jr.tinophorus Newberry. Upper Devonian ; Ohio, U.S.A. 

Canobius, Gonatodus, Drydenius Traquair. Lower Carboniferous ; Scotland. 
6r. molyneuxi Traq. English Coal Measures. 

Fouldenia, Aetheretnum White. Lower Carboniferous (Lower Calciferous 
Sandstone) j Foulden, Berwickshire. 

Arnblypterus Ag. Mouth and teeth small. Fins with delicate fulcra. 
Scales smooth. Several species from Lower Permian (Rothliegendes) of 
Rhenish Prussia, Bohemia, and France. A. lafus Ag. ; A. duvernoyi Ag. sp. 
Also from Permo-Carboniferous, Kashmir, India. 

Eurylepis Newb. (Fig. 179). Small fishes with small fins, the fin rays not 
divided distally, and the caudal obliquely truncated. Mandibular suspensorium 
nearly vertical. Teeth small. Scales rugose, denticulated on the hinder 
border ; two or more rows of scales on the flank remarkably deepened. Coal 
Measures ; Ohio, and rarely England. 

Nemaioptychius Traquair ; CycloptycJiius Young. Carboniferous. 

Bhadinichthys Traquair. Slender fishes, with very oblique mandibular 
suspensorium and small fins. Principal pectoral fin rays not articulated 
except at distal end ; pelvic, dorsal, and anal fins short-based, the two latter 
more or less opposed ; caudal fin deeply forked and unsymmetrical. Scales 
rhombic, delicately sculptured ; enlarged ridge-scales in front of dorsal fin. 
B. omaiissimus Ag. sp. Lower Carboniferous ; Scotland. B. alherti Jackson 
sp. Lower Carboniferous ; New Brunswick. Coal Measures of England and 
North America. Carboniferous ; Mendoza, Argentina. 

Pygopterus Ag. Kupferschiefer, Germany ; Marl Slate, England ; Triassic, 
Spitzbergen. 



Fkj. 170. 
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Holurus Traquair. Fin rays articulated but not divided distally, dorsal fin 
extended, caudal fin obliquely truncated. Mandibular suspensorium oblique. 
Scales sculptured, and dorsal ridge-scales much enlarged. Lower Carboni- 
ferous ; Scotland. 

Dipteroina^ Cosmopoma, Elaveria^ Commentrya^ AmhlypteropSj FaraniUypterus, 
Geomichthys Sauvage.^ Coal Measures ; Commentry, France. 

Falaeoniscus Blv. emend. Traquair (Fig. 180). Slender fishes, small or 
of moderate size. Teeth small. Fins small, the rays articulated and divided 

A B 



Fig. 180. 

m<H'n}})07nus Ag. Restora- 
4), pHctoral arch (fi), ami 
Natural aize. Kupfer* 
ngia. of, anterior fron tal ; 
»gal rays ; cl, cleithruin ; 
ital ring; d, dentary; 
^ frontal ; icl, clavicle ; 
tlum ; mx, maxilla ; n, 
i ; op, operculum ; p, 
postcleithrum ; pmx, 
'fop, preoperculuin ; pt, 
1; sq, squamosal; stl, 
I ; 80 , suborbitals * a. 
Dotted lines indicate 
ry canals (after Tra(j[uair). 


distally. Dorsal in front of the anal fin. Scales rhombic, marked with 
irregular oblique furrows. F, freieslebeni Blv. and other species (Fig. 180), 
very common in the Kupferschiefer of Thuringia and Riechelsdorf, Hesse ; 
also found in the Upper Permian of England, France, and Russia. Probably 
in the Hawkesbury Formation of New South Wales, Australia. Otoliths 
have been noticed by Hennig in F. freieslebeni from the Kupferschiefer. 

Apateolepis A. S. Woodw. Fins small ; no fulcra. Scales very thin, with 
oblique sculpturing. A. australis A. S. Woodw. Hawkesbury Formation ; 
Gosford, New South Wales. 


* Sauvdbge^ H. Poissons du Terrain Houiller de Corainentr; . Bull. Soc. Indust. Mineral. 
St. l^tienne [3], vol. ii., p. 1, 1888. 
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Strepheoschema White. Unusually deej)- bodied, with large ridge -scales 
above and below. S. fouldenensis White. Lower Carboniferous (Lower Calci- 
ferous Sandstones) ; Foulden, Berwickshire. 

Elonichthys Gicbel (Rhahdolepis Troschel; Cosmoptychius Traquair) (Figs. 
181, 182). Fins large, with fulcra, and the rays distally divided. Dorsal in 



Fig. 181. 

Elonichthys rohisoni Ilibbert sp. Restoration by Traquair, about 2/3 iiat. size. Lower Carboniferous ; 

Scotland. 


front of the anal fin. Scales rhombic, obliquely sculptured. E. germari Gieb., 
from Coal Measures of Saxony. Other species from the Carboniferous of 
England, Scotland, Australia, and North America ; from the Lower Permian 
of Rhenish Prussia and Bohemia ; and apparently from the Karroo Formation 
of the Fraserburg district, South Africa. Fragments of the same, or an 
allied genus, in the Permo-Carboniferous of Brazil. 

Acrolepis Ag. Closely resembling ElonichthySy 
but scales more deeply overlapping. A. sedgwicJci 
Ag., from Upper Permian (Marl Slate of Durham 
and Kupferschiefer of Germany), and allied species 
from the Permian of Orenburg, Russia. A, laetus 
Lambe, from Lower Triassic, Banff, Alberta, Canada. 
Other species in Carboniferous of England, Scot- 
land, Belgium, and Nova 
Scotia, and in Permo-Carboni- 
ferous of Rhodesia. 

Gyrolepis Ag. (Fig. 183). 

Anterior rays of pectoral fins fio. iss. 

not articulated. Operculum „ ayroicpis ormtw Gieb. 

- - t ScaleH enlarged. Muschel* 

deep and narrow. Scales kaik; Bsperstadt (after 

marked with irregular oblique 
and curved rugae. Common 
in the Muschelkalk and Rhaetic Bone-bed, but usually only isolated scales. 
G, ? gillioti Priem. Permian or Trias ; N. Madagascar. 

Birgeria Stensio. Large fishes with low and broad head, apparently with 
scales only on upper caudal lobe. B, mmgeoti Stensio (supposed to be identical 
with Saurichthys mougeoti Ag. from Muschelkalk). Trias ; Spitzbergen. 

Boreosommy Acrorhahdus, Glaucolepis Stensio. Trias ; Spitzbergen. 

Urolepis Bellotti. Trias ; Lombardy. 



A li 



Fig. 182. 


Elonichthys {CosmopiyrMus) 
striatiu Ag. sp. Scale from 
outer (A), and inner (/I) aspects, 
three times nat. .size. Lower 
Carboniferous: Edinburgh 
(after Traquair). 
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Myriolepis Egerton. Scales very small. M, clarkei Eg,, from Trias 
(Hawkesbury Formation), New South Wales. M. hibernicus Traq., from Coal 
Measures of Kilkenny, Ireland. 

Oxygriathus Egerton (Thrissonotus, Cosniolepis Egerton). Fins large, with 
small fulcra. Pectoral fin rays only articulated d is tally. Dorsal in front of 
anal fin. Scales small, but thick, obliquely sculptured. 0. ornatus Eg. 
Lower Lias ; Lyme Eegis. 0. hrowni Broom, doubtfully of this genus. 
Karroo Formation ; South Africa, 

Cenlrolepis, Flatysiagum Egerton. Lower Lias ; Lyme Regis. 

Atherstonia A. S. Woodw. ; Dkellopygae Brough ; Broometta Chabakov. 
Trias (Karroo Formation) ; South Africa. Atherstonia colcanapi Priem. 
Permian or Trias ; S.W. Madagascar. Other species in Hawkesbury Beds 
of New South Wales, and in Upper Permian of European Russia. 

NamaicMhys Giirich. Dwyka Formation ; Ganikobis, S.W. Africa. 

Coccolepis Ag. Scales thin, rounded, and very deeply overlapping ; orna- 
mented with tubercles. Fulcra minute or absent. Dorsal in front of anal 
fin. Small species, G to 14 cm. long, in the Upper Jurassic Lithographic 
Stone of Bavaria {C. ImcMamU Ag.), the Purbeck Beds and Lower Lias of 
England, and the Wcaklen of Belgium and England. A larger species 
{C. australis A. S. Woodw.) in the Hawkesbury-Wianamatta Formation of 
New South Wales. Only known Palaeoniscid ranging above the Lias. 

Crypliiolepis Traquair. Fins large, with fulcra. Scales large and thin, 
more or less rounded, very deeply overlapping, and externally striated. Lower 
Carboniferous ; Scotland. 

Sphaerolepis (Trissolepis) Fritsch; Pyriiocephahs Fritsch. Permian ; Bohemia, 

Phanerosteon Traquair. Fins small, fulcra absent. Scales of flank rudi- 
mentary or absent. Lower Carboniferous ; Scotland. 

Carhoveles White. With thin cycloid scales. Lower Carboniferous ; 
Foulden, Berwickshire. 

Elpisopholis A. S. Woodward. Fin rays finely divided distally ; no fulcra ; 
dorsal and anal fins much extended, partly opjx>sed ; caudal fin slightly forked. 
Greater part of trunk naked, but some thin rhombic scales in the abdominal 
region, and stout overlapping < -shaped scutes along the course of the lateral 
line. E. dunstani A. S. Woodw. Wianamatta Formation ; St. Peter’s, New 
South AVales. 


Family 2. Platysomidae.i 

Trunk deeply fusiform or irregularly rhombic and laterally compressed; tail 
elongatedieterocercah Head bones enamelled; hyomandibular nearly vertical and 
mouth small ; teeth, when present, more or less blunt, chiefly on the pterygoid and 
splenial bones. Opercular apparatus lacking only interoperculum. Fins usually 
with fulcra ; pelvic fins small or absent ; dorsal fin much extended. Scales rhombic, 
deepened on the flank, each with an inner vertical keel projecting as a peg at the upper 
border. Carboniferous and Permian (? also Triassic). 

Eurynotus Ag. {Plectrolepis Ag.) (Fig. 184). Trunk deeply fusiform. Teeth 
short, obtusely conical to spheroidal. Pectoral fins large ; dorsal fin arising 
opposite the pelvic pair and extending to the caudal fin ; anal fin short-based. 

^ TfCLquair, R. JL, Structure and AflSnities of the Platysomidae. Trans. Roy. Soc. Edinb., 
vol. xxix,, p. 343, 1879. 
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E, crenatus Ag., from Lower Carboniferous, Scotland ; other species from 
Ireland, Belgium, and Siberia.^ 

BenedenicMhys Traquair ^ {Benedenius Traq. nec Benedenia Gray). Resembling 
EnrynotuSj but dorsal fin less extended and ridge-scales larger. Branchiostegal 
rays unusually 
slender. B. deneensis 
vanBened.sp. Lower 
Carboniferous; 

Den^e, Prov. Namur, 

Belgium. 

Mesolejns Young ; 

JFa rdichth y s Tr a- 
quair. Carbonifer- 
ous ; Scotland and 
England. 

Cheirodus M‘Coy 
{A m phi cent r n m 
y ou ng ; Jl cmicladodn s 
Davis) (Fig. 185). 

Trunk deep, rhombic. 

Pectoral fins very 
small, pelvic fins absent, 
much extended. 



Khj. 184. 

Eurjfnotus rreuntus Ag. ReHtoralion by Traqimir, abotil Va Lower 

Carbon ilerouH ; Scotland, hr, braiichio.stegal rays ; rl, cleitbruni ; inp, Ruboper- 
culiiin ; mx, maxilla; o/<, opeiculntn ; pop, ]>i‘eoi>erciiluni : .so, siiborbital. 


Dorsal and anal fins directly opposed, and both 
Teeth absent, but pterygoid and splonial with denticulated 



Fig. 185. 

ChfArodus granuJomis Young sp. Restoration by Traquair, about nat, 
size. Coal Measures ; North Staffordshire. Lettering as in Fig. 180. 


border. G. granulosus Young sp. (Fig. 185), from English and Scottish 
Coal Measures. Other species in Lower Carboniferous, England, Scotland, 
and Coal Measures, North America. 

Cheirodopsis Traquair. Lower Carboniferous ; Scotland. 

^ GkabakoVf A, IF., Poissons du genre ISuri/^iiotus de la serie productive du bassin houiller de 
Kouznetz en Siberie [in Russian], Bull. Coinit4 Giol. Leningrad, vol. xlvi., p. 311, 1927. 

® BovUnger^ O. A,j Ann. Mag. Nat. Hist, [7], vol. iv., p. 445, 1899 ; also loc. cit., vol. x. 
p. 62, 1902. 
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Flatysomus Ag. (Figs. 18G, 187). Trunk deep, rhombic or discoidal. 
Teeth small, styliform. Pectoral and pelvic fins small, the pectorals near 



J’laiyuomus striatus A«. Kestoration by Traquair, Vi Ui)i>or 

IVnnian (Marl Slate) ; Durham. 


A B 



Fu:. 1S7. 


rinlysoiHUs parvulus A^. 
Scaln, outer (.1), and inner 
(/O aspects, twice list. si/c. 
Coal Measures; Knglainl. 


ventral border. Scales finely striated. F. striatus Ag. (Fig. 186), from 
Upper Permian (Marl Slate of England, Kupferschicfcr of Germany). Upper 

and Lower Carboniferous of 
England and Scotland ; Coal 
Measures of N orth America ; 
Permian of Orenburg, Kussia, 
and Texas, U.S.A. ; Hawkes- 
bury Formation of New South 
Wales ; Lower Triassic of 
Spitzbergen (P. nathorsti 
Stensio), Canada, and S. Africa. 

FJcrinesomus A. S. Woodw.^ 
Trunk very deeply fusiform 
with slender caudal pedicle. 
Pectoral fins large, raised on 
flank ; no pelvic fins. Dorsal 
and anal fins much extended, 
acuminate in front. Head 
bones and scales finely 
striated. F, dixoni A. S. Woodw. Permian or Trias ; Andogozo, Madagascar. 

Caruichthys Broom. Karroo Formation ; Doom Kiver, Cradock district, 
South Africa. 

Glohdodus Munster {Eurysomus Young). A single series of large, rounded, 
flattened pedunculated teeth on margin of jaws, smaller crushing teeth within. 
G, macrurus Ag. sp., from Upper Permian (Kupferschiefer of Germany and 
Marl Slate of Durham). 

? Bobasatrania White. Permian or Trias ; Madagascar. 

1 Darypterus Germar (Fig. 188).^ A scaleless fish, showing internal 
^ Woodtowrd, A. Ann. Mag. Nat. Hist. [8], vol. v., p. 1, 1910. 

^ GiUt I'M Trans. Roy. Soc. Bdinb., vol. liu.,Do. 81, 1925. — Weigeft^ J,^ Leopoldina (Halle), 
vol. vi., p. 613, 1930.— WAtYe, K /., Bobasatrania. Ann. Mag. Nat, Hist. [101, vol. x., p. 30* 
1932. 



Fid. 188. 

DorypUrm aff^ausiiMUnst. sp. Fish, V 3 nat. size. Kupferschiefer.; 
Kiechelsdorf. 
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skeleton. Kare in Upper Permian (Kupferschiefer of Germany and Marl 
Slate of Durham). 


Family 3. Catopteridae. 

Trunk elongate or elongate-fusifoi'm ; tail ahhreviate-heterocercal. Head hones 
well developed, ganoid, apparently as in Palaeoniscidae / teeth slender, conical. 
Dorsal jin not much extended. Scales rhombic, ganoid. Triassic. 

Dictyopyge Egerton. Teeth small. Dorsal opposite or slightly in front 
of the anal fin. Upper lobe of tail very short ; caudal fin forked. Scales 
rhombic, smooth or with few oblique furrows. Species to 20 cm. long. 
Upper Trias of Pmgland, Ireland, Germany, Virginia (U.S.A.), and Australia. 
Also D. rhenana Deecke, from Lower Trias (Bunter), near Basle, Switzerland. 

Catopterus Bedfield {liedjieldius Hay). As Dictyopyge, but origin of dorsal 
behind that of anal fin. Fulcra fine. Trias ; North America. 

Helichthys Broom ; DaedaUchfhys Brough. Karroo Formation {Cynognathus 
zone) ; South Africa. 


Fami ly 4 . Ohondrosteidae. ^ 

Parietal and frontal hones paired ; a large s<iuamosal bordering the parietals on 
each side. Jaws toothless, and premaxilla absent. Operculum small, snboperculum 
large; a few hranchiostegal rays present. Trunk naked, only the elongate upper 
fulcrated lobe of the tail with elongated, oat-shaped ganoid scales. Lower eTurassic. 

Chondrosteus Egerton (F'ig. 189). Mouth very small and inferior; jaws 
toothless ; maxilla arched, much expanded behind and tapering in front. 



Chondrosteus acipenseroidsa Egertou. Lower Lias ; Lyme Regis, Dorset. 1/12 nat. size (after A. S. Woodward). 


About ten hranchiostegal rays, but no jugular plate. Dorsal fin short-based, 
opposed to the pelvic pair. C. acipenseroidcs Eg., about a metre in length, 
known by nearly complete skeletons from the Lower Lias of England. 
C. hindenburgi Pomp., from Upper Lias of Holzmaden, Wiirtemberg. 

Gyrosteus A. S. Woodward {ex Ag. MS.). Usually much larger than 
Chondrosteus, and the toothless maxilla expanded in its front portion for a 

^ Hall, T. S., Psilichthys. Proc. Roy. Soc. Viet,, n.s., vol. xii., p. 147, 1900. — Hmiiig, E., 
OhondroateitB hindenhurgi Pomp. Pal aeon togr., vol. Ixvii., p. 116, 1925. — Heis, 0. M., Stichopterus. 
Rech. g4oL et min. Ohemiii <le Fer de Silwrie, livr. 29, p. 15. St. Petersburg, 1909. — 
Traquair, R. JGT., Chondrosteus cMipenseroides. Geol. Mag., 1887, p. 248. — Woodward, A. S., 
On the Palaeontology of Sturgeons. Proc. Geol. Assoc., vol. xi., p. 24, 1889 ; also Proc. Yorks. 
Geol. and Polyt, Soc., vol, xiii., p. 461, 1898. 
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palatine articulation. G, mirahilis A. S. Woodw. {ex Ag. MS.), represented 
by fragments in the Upper Lias of Whitby, 

Psilichthys T. S. Hall. Dorsal fin behind pelvic pair. 1\ selwyni Hall. 
Jurassic or Triassic ; Dundas county, Victoria, Australia. 

Stichopferus Keis. Lower J urassic ; Siberia. 

Family 5. Acipenseridae. Sturgeons. 

Elongated fishes with a produced siwutj ami small toothless nmith without p'e- 
maxilla. Parietal and frontal bones large, unsymmetrical, and granulated. Ogwr- 
culurn incompletely developed, not quite covering the branchial ojyening; branchiostegal 
rays absent. Dorsal and anal fins borne by two rows of supports (axonosts and 
baseosts) ; caudal fin elongafe-hcterocercal, the large upper lobe ridged with fulcral 
scales. Trunk with five longitudinal series of keeled bony plates. Tertiary and 
Kecent. 

The Sturgeons of the two living genera, Aeipenser and Scaphirhynchus, 
inhabit the seas of the northern hemisphere, and enter the rivers of Europe, 
Asia, and North America. Fossil remains are rare. An Eocene species 
{Aeipenser toliapicus Ag.) is rej)resented by scutes in the London Clay of 
Sheppey. An Oligocene species {A. parisiensis Priem) occurs in the Paris 
Basin. Scutes and pectoral fin rays are also known from Upper Eocene and 
later deposits in Europe, and from the Miocene of Virginiji, U.S.A. 

Family fi. Polyodontidae. Paddle- fish tw. 

SirnU very long and spatulate. Parietal and frontal bonnes paired. Mouth 
large, with minute teeth in both jaws; no premaxilla. Branchiostegal rays absent. 
Scales rudimentary or absent, except on th-e sides of the upper caudal lobe, which is 
elongate a.mi ridged with large f ulcral scales. Cretaceous (?) or Eocene to Recent. 

Crossopholis Cope. Rostrum covered with small stellate bones. Scales of 
trunk small, thin, and separated ; each being a grooved disc with posterior 
denticulations like a fringe. C. magnicaudatus Cope. Eocene (Green River 
Shales) ; Wyoming. 

Pholidurus A. S. Woodw. Known by caudal ridge-scales only, from the 
Upper Chalk, Kent. 

Polyodon {Spatularia) living in the Mississippi, Psephurus in Chinese rivers. 

Family 7. Belonorhynohidae.i 

Slender fishes with a much elongated, pointed snout. Mouth very large, and 
jaws with numerous conical teeth of different sizes. Opercular apparatus reduced, 
without branchiostegal rays. Cleithrum fused with clavicle. Fin fulcra minute or 
absent ; dorsal and anal fins small and remote ; caudal fin diphycercal. Trunk with 
four longitudinal rows of small, heeled, scale-like plates. Triassic and Liassic. 

Belonorhynchus Bronn {Ichthyoi'hynchus Bellotti ; Giffonus Costa ; Stylorhyn- 
chus Martin) (Figs. 190, 191). Head and trunk excessively elongated. Jaws 

* Reis, 0. M., Zar Osteologie und Systematik der Belonorhynchiden. Geogn. Jahresh., vol. iv., 
p. 143. Miiuchen, 1891. — Stensio, E. A., Triassic Fishes from Spitzbergen, pt. ii. K. svensk. 
Vetensk.-Akad. Handl. [8], vol. ii., no, 1, 1925. — Woodimrd, A. S., The Fossil Fishes of the 
Hawkesbury Series. Mem. Geol. Surv. N.S. Wales, Palaeont. no. 4, 1890. 
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approximately equal in length, and mandible remarkably deep behind. Head 
bones externally ornamented with striae, rugae, or reticulations. The remote 



dorsal and anal fins opposed to each other ; the diphycercal caudal fin 
truncated at its hinder margin. Of the four series of imbricating keeled 



Fid. 191. 

BelonorhytK'hns kramhergeri Schlosser sp. Upper Trias ; Adnet, near Salzburg. Vs nat. size. 


dermal scutes one extends along the back, another along the ventral border, 
and the other two smaller series along the flanks. The ventral scutes form 
a ring round the region of the anus. Belonorhynchm occurs 
in the Trias of the Alps (Itaibl, Perledo, Seefeld), Canada 
(Alberta), Spitzbergen, and Australia (Hawkesbury Forma- 
tion). The teeth, jaws, and skulls from the Muschelkalk, 

Keuper, and lihaetic, described under the name of Saurichthijs 
Ag. (Fig. 192), may belong to Belomrhynchus. 

Aculorhynchus Stensio {Saurorhynrhus lleis iiec Minister). 

Ganoine- covering of external bones less than in Belono- 
rhynchuSf and opercular bones relatively smaller. A. acufus Ag. sp. and other 
species from Lias of England and Germany. 


ik 

Fiu. 192. 

BaurirlUhyi aeuvU- 
mitusAf'. Tooth, nat. 
Bize. Bhaelic ; Kuiu* 
iiath, Wiirtemberg. 


Family 8. Pholidopleuridae.^ 

Trunk elongate to f usiforniy and snout very short ; teeth minute, Vertehal 
rings present. Fin fulcra reduced or absent ; dorsal and anal Jins small and 
usually remote ; caudal Jin diphycercal. Scales rhombic and in regular close series. 

Triassic. 

Pholidopleurus Bronn (Fig. 193). Trunk slender. Maxilla deepened 
behind. Scales smooth, one series very deep on the flank, those on the back 
and ventral region wider than deep. Pelvic fins absent. Dorsal and anal 
fins delicate, elongated, and low, directly opposed on the hinder part of the 

^ Wadey R. T.y Preliminary Note on Macroaethes brookmlei, representing a new Chondrosteau 
Family, the Pholidopleuridae. Ann. Mag. Nat. Hist. [10], vol. ix., p. 473, 1932. 
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caudal region. Caudal fin externally homocercal, slightly forked. Upper 
Trias; llaibl, Carinthia. 

Feliopleums Kner. Much resembling Pholidopleurns, but pelvic fins present 
and dorsal in advance of anal fin. Upper Trias ; Raibl, Carinthia ; Besano, 

Lombardy ; (lifibni, Salerno ; 
Seefeld, Tyrol ; Kilindi, Congo 
Free State. 

Macroaethv.s Wade. Trunk 
elongate, with remote dorsal and 
anal fins which are extended 

rU.mo,U«r,. 'Keu„.r; llaibl, Carinthia. f OppOSed. Pdvic 

‘-i/a rat Si/C (after Kner). hns Small and remote. Caudal 

fin forked. The regular squa- 
mation is thin and thus allows the supports of the dorsal and anal fins to be 
observed. Some of the vertebrae clearly consist of two fused rings. M. 
hrookoalei Wade, sometimes 30 cm. long. Hawkesbury Sandstone ; Brookvale, 
New South Wales. 



Order 3. PROTOSPONDYLI.' 

Notochord persistent, or veriehrae in various degrees of ossijimtmi. Head 
covered with bony plates. PremaxiUa firmly articulated with cranium. Mandibular 
ramus complex. Branchiostegal rays, usually with a median jugular jd ate in front. 
At least one series of postorbitals {suhrbitals) on the cheek between the orbit and 
preopercuhm. No clavicle {except an occasio7ial rudiment). Unpaired, and usually 
also paired fins fringed with fulcra ; supports of dorsal and anal fins equal in 
number to the dermal rays. Caudal fin hemi-heterocercal. 

In all except some of the earliest members of this Order, the preoperculum 
tapers upwards and is more or less overlapped by the suborbitals. A supra- 
inaxilla usually borders the hinder part of the maxilla. There is a coronoid 
process in the mandible. A rudiment of the clavicle sometimes occurs. 

^ Alessandri, G. Pesci triasici della Lombardia. Mem. Soc. Ital. Sci. Nat., vol. vii., 
fa.se. i., 1910. — Bass'tni F., and JJ’Frasnw, O., IttioFanna del Cretaeico di Capod’ Orlando. Mem. 
Soc. Ital. Sci. Roma [3], vol. xvii., p. 1, 1912. — Hassani, F., Jttiofauna della Dolomia di Gilfoni. 
Palaeont. Ital., vol. i., 1895. — Dames, W., Ganoiden des deutschen Mii-schelkalks. Palaeont. 
Abliandl., vol. iv., p. 135, 1888. — Fastman, C. R., Fo.s.sil Fislies from Lithographic Stone of 
Cerin, France. Mem. Carnegie Mus., vol. vi., no. 6, 1914. — Kgerion, P. M. O., Figures and 
Descriptions of British Organic Remains. Mem. Geol. Surv., dec. vi., viii., ix., xiii., 1852-72. 
— Gregory, W. K., A Jurassic Fish Fauna from We.stern Cuba, with an Arrangement of the 
Families of Holostean Ganoid Fishes. Bull. Anier. Mus. Nat. Hist., vol. xlviii,, p. 223, 1923. — 
Heineke, E., Die Ganoiden und Teleostier des lithographischen Scliiefers vou Nnsplingen, Palaeont. 
Abhandl., n.f. vol. viii., pt. 3, 1907. — Kner, R., Die Fische der bituminusen Schiefer von Raibl in 
Karnthen. Sitzungsb. k. Akai Wiss. Wien, niath.-naturw. Cl. vol. liii., 1866 ; and Nachtrag, ibid 
vol. Iv., 1867. — Die fo.ssilen Pi.sche der Asphaltschiefer von Seefeld in Tyrol, Ibid. vol. liv., 1866 ; 
and Nachtrag, ibid., vol. Ivi., 1867. — Kramberger, K. Gorganfmc, Die ol>er triad ische Fischfauna 
von Hallein in Salzburg. Beitr. Palaout. xi. Geol. Osterr. -Ungams, vol. xviii., p. 193, 1905. — 
Regan, C. T., Skeleton of Lepidostem, with Remarks on the Origin and Evolution of the Lower 
Neopterygian Fishes. Proc. Zool. Soc., 1923, p. 446. — Saumge, H. R., Sohre los peces de la Caliza 
litografica de Lerida. Mem. R. Acad. Cienc. Barcelona, vol. iv., no. 36, 1903. — Stdlley, E., 
Ganoiden des deutschen Muschtdkalks. Palaeontographica, vol. Ixiii., p. 25, 1920. — Traquair, R. //., 
Les Poissons wealdiens de Bernissart. M^m. Mus. Roy. d’Hist Nat. Belg., vol. vi., 1911. — Vetter, 
B., Die Fische aus dem lithographischen Schiefer im Dresdener Museum. Mittheil. k. mineral. - 
geol. Mus. Dresden, 1881. 
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Family 1. Colobodontidae.^ 


Trunk fusiform, somelinus deepemd. Mandibular suspensorium vertical or 
sUghtlf/ imiined backwards ; teeth styliform or tritoral, clustered on the inner hones. 
Differing from all other Protospondyli in having the preoperculum extended over the 
cheek above the deepened hinder end of the maxilla, as in early Chondrostei. 
Notochord 2 >ersisfent. Scaies rhombic and ganoid. Typically Tiiassic. 


Oolohodus Ag. {Asterodon Miinster; Thohdus Meyer; Dactylolepis Kuiiisch) 
(Fig. 194). Head bones ornamented with prominent rugae and tubercles of 
ganoine. Marginal teeth styliform, inner teeth hemispherical and irregularly 
clustered, all mammillated and marked with radiating striae. All fins with 
fulcra ; dorsal j)artly opposite anal ; tail slightly forked. Scales marked with 
oblique or horizontal ridges or plications, and usually serrated on hiialer 


margin. C. hogardi Ag,, 
C. maximus Dames, C. rarius 
Giebel (Fig. 194), and 
other species in the Mus- 
chelkalk and Lettetdcohle 
of Germaiiy and France. 
Scales in Khaetic of Aust 
Cliff, near Bristol. Also 



ColofHtdus Gielx^l. 



Fn,. 104. 

Teeth and scales. Mnschelkalk ; Hayreiilli. 
Nat. size. 


doubtful scales in supposed 

Triassic of Upper Jenissei, Siberia, and scales and teeth in the Karroo 
Formation of Somaliland and of Ny.asaland, S.K. Africa. 

The generic names Nephrofus, Cenchrodus, Omphalodus, llemilopas Meyer, 
are applied to rounded teeth from the 'Frias. 

Crenilepis Dames. Scales in German Muschelkalk. C. hassanii de Ales- 
sandri sp. Upper Triassic ; liombardy. 

Meridensia Stensio. Upper Triassic ; Lombardy* Meidiichthys Brough. 
Karroo Formation (Upper Beaufort Beds) ; South Africa. 

Perleidus de Alessandri. Trunk elongate-fusiform. Teeth smooth, without 
radiating striae. Suboperculum relatively deep. Fulcra strong. Flank 
scales somewhat deepened ; ventral sciiles wider than deep. F. altolepis Kramb. 
sp., about 12 cm. long. Middle Triassic; Peidedo, Lombardy. P. woodwardi 
Stensio, about 30 cm. long. Triassic ; Spitzbergen. 

Dipteronotus Egerton. Keuper ; Worcestershire. 

Dollopterus Abel {Dolichopterus Compter nec Aymard).- A flying fish, with 
enlarged pectoral fins. Muschelkalk. 

Cleithrolepis Egerton. Trunk much laterally compressed, nearly rhombic 
in outline. Scales narrow and very deep. Hawkesbury Formation ; New 
South Wales. Karroo Formation (Upper Beaufort Beds) ; Orange River 
Colony, South Africa. Keuper; Coburg, Germany. 

Hydropessum Broom. Upper Beaufort Beds ; Orange River Colony, South 
Africa. 


Parasemionotus Piveteau. Triassic ; Madagascar. 


* OeriU, 0. F., Zu Qolobodus maximm Qu. Neues Jalirb. f. Min., etc., Beil.-Bd. 57, Abt. B, 
p. 243, 1027 . — ** Semionoius leUicus 0. Fraas.*' Loc. cU. 58, p. 309, 1927. — Stensid, E. Triasaic 
Fisbea from Spitzbergen, p. 253, 1921. — Stolley E., Palaeontographica, vol. Ixiii., p. 43, 1920. 

® Abel, 0., Foseile Flngftsche. Jabrb. k. k. Geol. Reichsanst. Wien, vol. 56, p. 48, 1906. — 
Stolley, E., Palaeontographica, vol. Ixiii., p. 45, 1920. 
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Family 2. Semionotidae.^ 

Trunk more or less deeply fusiform. Mandibular suspensoriwm vertical or 
inclined forwards, gape of 7nouth small ; teeth styliform on' triton' al, especially well 
developed on the inner Inniies. Not nnore than hemi-vertehrae or ring-vertebrae. Fin 
rays stoat ami falcra large; dorsal jin not extending more than half length of 
back. Scales rhonnbic, exceed sonnetimes in caudal region. Upper Carboniferous 
or Permian to Upper Cretaceous. 

? Phanerorhynchns E. L. Gill.- Coal Measures ; Lancashire. 

Acentrophorus Traq. Trunk fusiform. Dorsal fin short, opposite the 
space between the pelvic and anal fins. No enlarged ridge scales. A. varians 
Kirkby sp., and other species from Magnesian Limestone, Durham, and 
Kupferschiefer, Germany. A. chicopensis Newb. Trias; Connecticut Valley, 
U.S.A. Also in Trias of N. Madagascar. 

Eosemionotus Stolley. E. vogelii Fritsch sp., from Muschelkalk. 

Semionotas Ag. [Ischypterus Egert. ; Engycolobodus Gertie) (Fig. 195). 
Trunk fusiform. Dorsal fin large and extended, its hinder part opposed to 

the anal fin. Dorsal series of 
pointed ridge scales forming 
a prominent crest. Fin fulcra 
sometimes very large. Scales 
and head-bones smooth or but 
feebly ornamented. S. bergeri 
Ag., from Keuper of Coburg 
and Thuringia. S, kapjji 
Fraas (Fig. 195), from Keuper, 
Haslach, near Stuttgart. 
Other species from the Bun ter, 
Muschelkalk, Keuper, and llhaetic of Europe, also from the Upper Karroo 
Formation of South Africa, Permian or Trias of N. Madagascar, the Hawkes- 
bury Formation of New South Wales, and Trias of Connecticut Valley and 
New Jersey, U.S.A. 

JFoodthorpea Swinnerton. W, wilsoni Swinn., from Keuper, Nottingham. 

Aphnelepis A. S. Woodw. As Sernionotus, but scales very thin, especially 
on caudal region, and no enlarged ridge scales. Hawkesbury-Wianamatta 
Formation (Jurassic) ; Talbragar, New South Wales. 

Dapedius de la Beche {Amblyurus Ag. ; Omalopleurns Costa; Aechmodus 
Egerton) (Figs. 196, 197). Trunk much laterally compressed, deeply 
fusiform or cycloidal. External bones ornamented with tubercles and ridges 
of ganoine. Eye surrounded by a complete ring of small quadrangular plates 
(co\ behind which are from five to eight suborbitals (so, cheek-plates). The 

* Eastman, 0, R., Triassic Fishes of New Jersey. Geol. Surv. New Jersey, Ann. Rep. 1904 
(1905 ). — Hmniih E.^ Neue Platte iiiit SemioTwtus capensis, Sitzb. Ges. naturf. Freunde, Berlin, 
1915, p. 49. — Ntwherry, J, 8., Fossil Fishes and Fossil Plants of the Triassic Rocks. Monogr. 
U.S. Geol. Surv., vol. xiv., 1888. — SchAlwien, E., tJber Seviiontolus Agassiz. Schriften Phys.- 
dkon. Gesellsch. Kduigsljerg, vol. xlii., p. 1, 1901. — Striiver, J., Fossile Fische aus dem Kenper- 
saiidstein von Coburg. Zeitschr. Deutsch. Geol. Ges., vol. xvi., 1864. — Swinnerton, If, //., New 
Catopterid Fish from the Keuper of Nottingham. Quart. Journ. Geol. Soc., vol. Ixxxi., p. 87, 
1925. — Wagner, A,, Die Griffelziihner (Stylodontes). Gelehrt. Anzeig. k. bay. Akad., vol. 1., 
p. 81, Woodward, A. S., Heterostrophu^. Proc. Zool. Soc., 1929, p. 561. 

2 Gill, E, L., Ann. Mag. Nat. Hist. [9), vol. xi., p. 466, 1923. 



Fkj. 195. 

Semionotus knjijni Fraas. KeiitM^r (Stubensandstein) ; Stuttgart, 
nat. size (after O. Fraas). 
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supratemporal plates (s^) also numerous. Operculum, suboperculum, and 
interoperculum large, arranged in an arch. Preoperculum narrow, almost or 

A 



P'lo. 193. 

Dnpetlius pholUkitm Ag. Upper Boll, Wiirieniher^^. l/o nal. size. 

Jt, r*, teeth, nat. size (alter Quenstedt). 


completely covered by the suborbitals. A median jugular plate in front of the 
laminar branchiostegal rays. Fin fulcra A-shaped, the two halves being fused 
at the apex. Pectoral and jielvic fins 
small ; dorsal and anal fins much ex- 
tended and opposed ; caudal fin slightly 
forked. Scales on the middle of the 
flank deeper than broad ; no prominent 
ridge scales } all the scales thick and 
enamelled, sometimes tuberculated. The 
earliest species in the Alpine Trias 
(Seefeld, St. Cassian), and in the Trias 
of Giffbni, Naples. Common in the 
Lower Lias of England and the Upper 
Lias of Wiirtemberg (Boll, Holzmaden), 

Bavaria (Banz), Northern France (Cal- 
vados) {I), pholiflotus Ag. ; D, caelatus 
Quenst.). Also found in the Gondwana 
Beds of India. 

Heterodrophus Wagner. Lithographic 
Stone (Upper Jurassic) ; Bavaria. Ox- 
ford Clay ; Peterborough, England. 

Aetheolepis A. S. Woodw. As Dape- 
dius, but deep rhombic scales of abdo- 
minal region gradually passing into thin, 
deeply overlapping, oval scales on the 
caudal region. A, mirahilis A. S. W. 

Hawkesbury-Wianamatta Formation (Jurassic) ; Talbragar, New South 
Wales. 

Tetragonolepis Bronn {Pleurokpis Quenst. ; Homoeolepis Wagner). Small 
oval or almost cycloidal fishes, laterally compressed, with small pectoral and 
VOL. n K 



Fio. 197. 

Head of Dapediu/t. ag^ angular ; Ir, jugular plate ; 
hr't branchiostegal rays ; co, circuraorbitala ; d, 
deiitary ; /, frontal ; iop, interoperculum ; mx, max- 
illa ; »w», nasal ; op, operculum ; or, orbit ; p, parietal ; 
piiuc, premaxilla ; pt, po8t-temi>oral ; scZ, supracleith- 
rum ; so, Hiiliorbitals ; sop, subopercnlura ; st, supra- 
tcmporals (after Traqualr). 
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pelvic fins. Dorsal and anal fins much extended. Scales deepened on the 
flank, their front border thickened and forming a vertical ridge. T. semicinctus 
Bronn, from Upper Lias, Wiirtemberg and Bavaria. Other species in the 
Upper Lias of England and the Gondwana Beds of the Deccan, India. 

Paralepidofns Stolley. Trunk deeply fusiform. Dorsal and anal fins deep 
with small regular fulcra; anal about half as long as dorsal and opposite 
hinder part of latter. No scales much deeper than wide. F. ornatuSj latus Ag. 
sp., 35 cm. to 50 cm. in length, from Keuper, Seefeld, Tyrol. 

Fristisomus A. S. Woodw. As Seniionotus, but dorsal fin short-based and 
opposed to anal; fin fulcra comparatively small. Hawkesbury Formation; 

New South Wales. Permian or Trias ; N. Madagascar. 

Spaniolepis Kramberger. As Dapedms^ but scales very 
thin and rounded, marked with concentric lines of growth. 
Upper Trias ; Hallein, Salzburg. 

Serrolepis Quenstedt. Deep pectinated scales. S. suevicMs 
Dames, from Upper Trias (Lettenkohl), Wiirtemberg. 

Sargodon Plieninger^ (Fig. 198). Chisel -shaped teeth 
with long root. Smooth, rounded, crushing teeth may belong 
to the same fish. Rhaetic ; Wiirtemberg and England. 

Lepidotus Ag.* [Lepidosaurus Meyer ; Scrohodns Munster ; Sphaerodus, p.p. 
Ag. ; Flesiodus Wagner; Frolepidotus Michael) (Figs. 199-201). Trunk 


Fir,. 198. 

Sargodon tomu'us 
Plien. Khaetic ; Kein- 
nath, Wurtembcig. 
Nat. size. 



Fkj. 199. 


Lepidotui notopterus Ag. Upper Jurassic (Lithographic Stone) ; Soienhofun. 1/5 nat. size. 

fusiform and only moderately compressed, covered with thick, smooth, or 
obliquely ridged scales, which are deeply imbricating and have the angles of 
the overlapped border more or less produced. Head and opercular bones 
more or less enamelled, smooth or tuberculated. Teeth hemispherical to 
obtusely conical ; styliform on at least part of the edge of the mouth. 
Successional teeth numerous, the incipient germ lying exactly in the opposite 
direction to that of the functional tooth, thus making a revolution of 

1 Peyer^ iJ., Mitt. Badisch. Geol. Landesanst., vol. viii., p. 302, 1919. 

® BraincOf W.^ tlber eine neue Lepidotus- Art aus dem Wealden. Jahrb. k. preuss. geol. 
Landesanst., 1884, p. 181, 1885. — Beitrage zur Keimtniss der Gattiing Lepidotm, Abh. geol*. 
Specialk. Preussen, etc., vol. vii., pt. 4, 1887. — Jaekel, G., Lepidotus und Leptolepis aus dem 
oberen Lias von Dobbertin, Mecklenburg. Mitteil. Mecklenburg. Geol. Landesanst., n.f. iii, heft 
XXX viii., p. 13, 1929. — Prim, F.. ^Itude sur le genre Lepidotus, Ann. Pal6ontologie, vob iii, 
p, 1, 1908. — ^iensiedt, F, A„ Uber Lepidotus in Lias e. Tubingen, 1847. — Sauvage, //. f!, 
M6moire sur les Lepidotus maxiTUUs et palliatus, Mcbn. Soc. Giiol, France, ser. 8, vol. i. no. 1 * 
1877.— -Pbotograpb of Lepidotus from Lithographic Stone, Bavaria, in 43 Ber. Senckeub. Naturf! 
Ges., p. 4, 1912. See also WeiizeL, AT., Abhandl. Senckenb. Naturf. Ges., vol. xlii,, p. 100 1930. 
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180° while the root of the old tooth is absorbed and it prepares to appear 
(Fig. 200, A). Fin fulcra very large and biserial (Fig. 200, />), present on all 


u 



Fio. 200. i 


Lepidotiis, A, fragment of jaw with Kiiccossional teeth, /i, tooth in side view and from above. C, scale. 
U, fulcral armature of dorsal fin. /, fulcra ; x, unpaire<l dorsal scale ; y, first ba.sal scale of doisal fin ; z, z\ 
lateral scales. Nat. sixe. 


the fins. Pectoral fins large ; pelvic fins small ; large dorsal fin opposed to 
the pelvic pair ; caudal fin more or less forked. Panging from the Rhaetic 
to the Cretaceous, some of the 
later species having the largest, 
stoutest teeth, the smallest 
mouth, much subdivided cheek 
plates and supra temporals, and 
well - developed ring > vertebrae. 

L. [Prolepidoius) gallineki 
Michael. Rhaetic ; Silesia. L. 
congolensis Hussakof, from sup- 
posed Rhaetic, Lualaba, Congo 
Free State. The type species, 

L. elvensis Blv. sp. (Fig. 201), 
common in the Upper Lias of 
Wiirtemberg, Bavaria, France, 
and England. X. maximus 
Wagn , L, notopterus Ag. (Fig. 

199), and other species well 
preserved in the Lithographic 
Stone (Upper Jurassic) of Ger- 
many and France. L, minor 
Ag., from Purbeck Beds. X, 
manielli Ag., from Wealden, 

Also Jurassic of India, Mada- 
gascar, and Siberia, and Creta- 
ceous of Cameroon, Tanganyika, Egypt, England, Spain, S. Dakota, and Brazil 



Fin. 201. 

Lepidoiun ehviisis Blainville sp. Head. Upper Lias; Boll, 
Wiirtemberg. arf, articulo angular ; cj, cleitliruin ; eo, circuni- 
orbitals; d, dentary; /r, frontal; iup, interoperculuui ; mx, 
maxilla ; n, nasal ; op, operculum ; parietal ; pmx, premaxilla ; 
2 >op, preoporc'ulum ; iwst-temjioral ; gel, supracleithrum ; so, 
suborbitaU ; sup, suboperculum ; $q, squamosal ; sf, supra* 
temporal ; y, posteleithral scale. Vs nat. size (after Quenstedt). 


Family 3. Maorosemiidae. 

Trunk elmigaie or elongate-fusiform. Gape of mo\dh small; marginal teeth 
siyliform^ inner teeth similar or tubercular. Not more than hemuvertebrae or ring- 
vertebrae, Fin rays stout and fulcra variable ; dorsal fin much extended. Scales 
rhomMc, with tendency to become rounded. Middle Trias to Upper Cretaceous. 

Ophiopsis Ag. Trunk much elongated and slender, with a high dorsal fin 
extending half its length. Anal fin small. Ranging from the Muschelkalk 
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Fig. 202. 


to the Purbeck Beds. 0. procera Ag., and other species common in the 
Lithographic Stone of Bavaria. 

Legnonotus Egerton. As Ophiopsis, but dorsal fin more extended and 
some flank scales deepened. L. cothamensis Eg. from Khaetic, Aust Cliff, 
England. Other species in Upper Triassic, Hallein, 
Salzburg. 

MacrepisHus Cope. Lower Cretaceous ; Texas. 
Eusernius y etter. Upper Jurassic ; Bavaria. 

Notagogus Ag. {Elenniornoeus, Calignathus Costa). 
Trunk elongated, with extended dorsal fin subdivided 
into two parts, the anterior portion with compara- 
tively widely spaced rays, and not deeper than the 
posterior portion. Stout ring- vertebrae. N. pentlandi 
Ag., from Neocomian, Castellamare, near Naples. 
Histionotus oUrndorftri Wag. Other species in the Lithographic Stone of Bavaria 

and Wealdcn of Belgium. 

Bavaria. Nat. size. Propicms Ag. [Ehyuclioncodes Costa). As Noiagogus, 

but trunk deeper and anterior portion of dorsal fin 
deeper than posterior portion. King- vertebrae. Scales almost six-sided, 
deeper than long. Lithographic Stone of Bavaria and L6rida, Spain. Neo- 
comian ; Castellamare. 

Histiomtus Egerton (Fig. 202). The back of the elongated trunk elevated 
and sharply bent anteriorly, a single long dorsal fin extending backwards 
from the bend almost to the caudal fin, which is deeply forked. Uniserial 
fulcra on both paired and median fins. 

Scales of flank deeper than broad. 
angularis Eg., from the English Purbeck 
Beds. Other species from the Lithographic 
Stone of Bavaria and France. 

Macrosemius Ag. (Disticholepis Thioll.) 

(Fig. 203). Trunk elongated, and dorsal 
fin extending from the occiput to the 
caudal fin, which is rounded. No fin 
fulcra, but large fulcra on upper lobe of 
tail. Jaws and pterygoid with powerful 
conical or styliform teeth. Scales thin 
and rhombic. M. restrains Ac., M. latius- 

1 IIT /lii* n/\o\ j • ’‘r, , rrr,. uruuunioBbegiii niys ; w, ewnn- 

cuius wagn. (iJlg. ^Oo), ana other species rum; ft denUry ; hy, ceratohyal; mx, maxilla; 

in the Lithographic Stone of Bavaria and 
France Doubtful jawfrom Lower Jurassic 
(Stonesfield Slate), Oxfordshire. 

Enchelyolepis A. S, Woodw. Resembling Macrosemius but with hemi- 
vertebrae and with very thin rounded scales. E. andrewsi A. S. Woodw., 
from English Purbeeje Beds. E. pectoralis Sauv. sp., from Upper Portlandian" 
Meuse, France. ’ 

Petalopteryx Pief^t {Aphanepygus Bassani). Upper Cretaceous; Mount 
Lebanon. Neocomian ; Lesina, Dalmatia. 



Fio. 203. 

Ma(T 08 nniv$ Jathm'itlvB Wagn. Hearl, nat. size. 
Upper Jurasaic (Lithographic Stone); Kelheiin. 
rtr, articular; branchiostegai raya; cleith* 
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Family 4. Pycnodontidae.i 

Tmnk laterally compressed, very deep. No vertebrae; ribs, vertebral arches, 
and spines well ossified. Opercular apparatus incomplete, with much enlarged preoper- 
culum, small operculum, and only one or two branchiostegal rays. Premaxilla with 
two to four prehensile teeth ; maxilla deepened behind, toothless ; vomerine bones 
fused together, usually with five longitudinal series of round or oval grinding 
teeth ; splenial of mandible large, with coronoid process, and three, four, five, oi' 
more rows of grinding teeth; dent ary small and terminal, fitting in a groove 
of the splenial, ami bearing two to four pi'ehensile front teeth; pterygopalatine 
arcade thin and toothless, its edge more or less fused with the basicranial axis. Teeth 
without vertical successors. Small claw-shaped pharyngeal teeth. Branchial arches 
with very numerous, closely arranged, bony filaments. Cleithrum broadly ovate at 
the lower end. Fin fulcra absent. Pelvic fins small. Dorsal ami anal fins much 
extemled. Scales deeper than long, with a thickened, ridge like anterior margin; 
often reduced in the dorsal and caudal region. Upper I’riassic to Upper Eocene. 

Eomesodon A. S. Woodw. Abdominal region much deepened, caudal 
region relatively small. Jaws and teeth as in Mesodon, hut median fins less 
extended. Scales complete over whole of trunk in 
advance of median fins. E. hoeferi Kramb. sp., from 
Upper Triassic, Hallein, Salzburg, the earliest known 
Pycnodont. E. Ikissicus Egert. sp., from Lower 
Lias, England. Numerous jaws in Lower Jurassic 
{E. mgulosus Ag. sp., etc.). E. harnesi A. S. Woodw., 
from Portlandian, Dorset. 

Mesodon Wagner‘S 204). Vomerine teeth 

in five longitudinal rows, the lateral i)airs often 
irregular ; splenial teeth comprising one principal 
series, with one or two inner series and three or 
more outer series usually irregularly arranged. „ , 

Caudal fin rounded. Scales of dorsal half of abdo- Right splenial. \jpper Jurass?c 
minal region reduced to their riblets ; no scales in atom*); Keiheim. 

caudal region, except two small rhombic scales on 

upper caudal lobe. M. macropterus Ag. sp. (Fig. 204), from Upper Jurassic 
(Lithographic Stone), Bavaria. M. daviesi A. S. Woodw. English Purbeck 
Beds. M. bernissartensis Traq. Wealden ; Belgium. 

Athrodon Sauvage. Splenial bone stout, meeting its fellow in a deep 
symphysial facet. Teeth very irregular. Kimmeridgian to Senonian. A. 
douvUlei Sauv. Portlandian ; Boulogne. A. crassus A. S. Woodw., and other 
species in Cambridge Greensand. 

Microdon Ag. {Polypsephus Hay) (Figs. 205-207). Hinder half of trunk with 
very thin scales, which are often wanting. Vomer slender, with five rows of 
quadrate, smooth, and flattened teeth ; between the large teeth of the middle 
row the smaller teeth of the two inner lateral rows are alternately pressed 
inwards. Splenial with one row of large, obliquely quadrate, smooth teeth, 
which is flanked inside by one, outside by two rows of smaller teeth. Caudal 

’ ffennig, E., Gyrodua iind die Organiaation der Pyknodonten. Palaeontogr., vol. liii., p. 137, 
1906. — Pyk&odonten vom Llbanou. CentraUd. f. Min., etc., 1907, p. 360. — Wooduyard, A. 8., 
Notea on the Pycnodont Piahes. Geol. Mag, [6], vol. iv., p. 385, 1917. 

Sauvage, H. E., M^m. Soc. G4ol. Prance, Pal^ut., no. 25, p. 13, 1902. 
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fin slightly forked, syminetrical. Common in the Upper Jurassic (Litho- 
graphic Stone) of Bavaria and France, and in the Purbeck Bods of England (M. 



Fks. 205, 

Mirrodon irogneri Tliiolliere. Upper Jurassic; Cerin, Ain, France. •/« size (after ITiiolliere). 


radiatus Ag.). Earliest fragments in the Stonesfield Slate (Bathonian), Oxford- 
shire. Also Corallian and Kimmeridgian, Hanover and Switzerland. Lower 



Fio. 206. 

Miorodon eligans Ag. Vomer (A), aplenlaU of mandible (B), 
and anterior teeth of mandible, inner view (C), and outer view 
(D), nat. size. Upper Jurassic ; Keilieim. 


Cretaceous, Texas, U.S.A. (Af. 
texanus Gidley). 

Gyrodus Ag. (Figs. 208- 
211).^ Trunk completely covered 
with scales. Frontal profile 
steep. Vomer with five rows of 
rounded, bean-shaped teeth, of 
which the convex crown has a 
rugose border and mammillated 
apex ; the middle row larger than 
the lateral rows. Splenial with 
four rows of similar teeth ; 
dentary with four stout prehen- 
sile teeth. Caudal fin deeply 
forked, symmetrical. Common 


in the Upper Jurassic (Litho- 
graphic Stone) of Solenhofen, Eichstadt, Kelheim, Cerin (Ain); also in the 


^ Weiiael^ K.y AbhanUl. Senckctiberg. Naturf. Ges., vol. xlii,, p. 89, 1980. 
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Kinimeridgian of England, France, and Switzerland, in the Portlandian and 
Neocomian of France, Switzerland, and Isle of Wight, and the Tithonian 
of Sicily. G, macrophihalmus cuhensis Gregory, from Upper Jurassic, Cuba. 
Some species from the Lithographic Stone (6r. titanius Wagner) (Figs. 209- 


211) attain a length of 2 m. and 
depth of 1 m. 

Mesturus Wagner J Much 
resembling Gyrodns, but with 
more irregular teeth, rounded 
caudal fin, and scales often 
united above and below by 
jagged sutures. 7i/. verrucosus 



Fkj. 207. 

Microdon itieri T}»iolli»\re. Part 
of vertebral column. Upper 
Jiirassic ; Cerin. Nat. size (after 
Thiolliere). 



Fui. 20S. 

Head of Gyrodux macrophthalmus Ag. Upper Jurassic (Litho- 
graphic Stone) ; Kelheini, Bavaria, c, slime canals ; d, cleitlinim ; 
eth, ethmoid ; /r, frontal ; mandible ; mjc, maxilla ; 0, orbit ; 
op, preoperculum ; pa, parietal ; p/r, postfrontal ; pmz, pre- 
maxilla; pt, post-temporals; .s‘c, sclerotic ring; sci, operculum; 
xq, squamosal. 


Wagn., from Lithographic Stone of Bavaria. M. leedsi A. S. Woodw., 
represented by fine specimens displaying osteology from Oxford Clay, 
Peterborough. 

Stemmaiodus Heck el. Small, resembling Microdon but less deepened. 
Vomerine teeth in five, splenial in three rows, all teeth rounded and not very 
unequal in size. Lower Cretaceous ; Castellamare. 

Coelodus Heckel. Hinder half of trunk scaleless. Vomerine dentition 
with one median row of large, transversely elongated, smooth, oval teeth, and 
two lateral rows of small teeth. One row in the splenial dentition relatively 
very large, its teeth transversely elongated. Caudal fin either slightly ex- 
cavated or convex mesially and slightly hollowed laterally. Upper Kim- 
meridgian (Lithographic Stone) ; L(5rida, Spain. Portlandian ; France. 
Purbeck and Wealden ; England. Cretaceous of Istria, Dalmatia, and Southern 

1 Woodward, A. S., Ann. Mag. Nat. Hist. [6], vol. xvii., p. 1, 1896. 
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Italy. Cenomanian and Turonian in Europe, Syria, Madagascar, and North 
America. Upper Senonian ; Persia and Tunis. 

Anomoeodns Forir (Fig. 212). Vomerine teeth in three or five longitudinal 
series, more or less irregular. Splenial dentition with one row relatively large, 
the lateral series more or less irregular, and not reaching the 
oral border of the bone. A, suhdavatus Ag. sp., from Upper 
Cretaceous, Maastricht. A, muensferi Ag. sp. (Fig. 212), and 
other species from the European 
Greensand. Also North America. 



Fio. 209. 

Gyrodm titanivs 
Wagn. Vomerine 
plate with teeth, nat. 
eixe. Kelheltii. 



i Fio. 210. 

Gyrodw titanivs Wagn. 
Uigl»t8i)lenial with fourr<»W8 
ut' teeti), luit. size. Kellieim. 



(iyrodvs tifiuiius Wagn, Seale, inner (.1) 
and outer (/<) asi^cts, nat. Hize. Kelheim. 


Palaeohalistuni Blv. Upper Cretaceous ; Europe, Asia, and Brazil. Upper 
Eocene ; Monte Bolca. 

Coccodus Pictet. With median spine on skull and spines on pectoral arch. 

Xenoj)holis Davis. With rhombic overlaj)ping 
scutes. Upper Cretaceous ; Lebanon. 

Acrotemniis Ag.^ Grinding teeth com- 
pressed to an edge which is sometimes tuber- 
culate. Upper Chalk ; England and Belgium. 

Polygyrodus White. P. cretaceus Ag. sp. 
English Chalk. 

Pycnodus Ag. Trunk rather elongated, 
with slender caudal pedicle and forked caudal 
fin. Dorsal much more extended than the 
anal fin. Scales thin, absent on the caudal 
„ sp. Man- region. Teeth of the three middle rows of 

dibular (splenial) teeth (A), and vomeiine , j j .u r 

teeth, Orel aspect (B), and side vie^r (Q, the vomer rounded, those of the two outer 
nat. size. Greensand ; Kelheim. TOWS SOmewhat smaller and elliptical. P, 

platessus Blv, sp., from Upper Eocene, Monte 
Bolca. Dentition in the Eocene of several European localities. P. mohatta- 
mensis Priem, from Eocene, Mokattam Hills, Egypt. P. lametae A. S, Woodw., 
from Lameta Beds, Central Provinces, India. 

* Lerichej if., Bull. Soc. Beige Geol., vol. xxv., Proc.-Verb., p, 162, 1911. 



Fio. 212. 
Anomoeodus muemteri Ag. 
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Family 6. Bugrnathidae. 

Trunk slemier. Mandibular suspensormm indined backwards and gape of mouth 
large. Marginal teeth conical Cranial and facial bones moderately robust y 



Fm. 213. 

Kmjwiihus orihostomnn Ap. llestoralioii by A. S. Woodward, about V: Jjower Lias ; Lyme Regia. 


externally enameUed, and opercular apparatus complete. Snout not produced. 
Vertebral column rarely more than incompleie rings. Fin rays stout y fulcra con- 



Fig. 214. 

a, Caiurus masimw Ag., tail, VcUurua fiircatus Ag. Upper Jaraaaic (Lithogi aphic Stone); Bavai a 
c, soalea, nat. slae and enlarged ; d, e, abdominal vertebrae in side view and front view ; /, caudal verte- 
brae ; g, haemal spines in ftnunt view. 

spicuous. Dorsal fin short and} acuminate. Scales rhomMCy sometimes thin and 
with romded angles. Triassic to Cretaceous. 
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Allolepidotns Deecke {Plemlqddoim Schlosser). Middle and Upper Triassic ; 
Europe. 

Eugnaihus Ag. (Heferolepidofus Egerton ; Brachgichihgs Winkler; hopholis 
Zittel) (Fig. 213). Large, conical, pointed laniary teeth and numerous smaller 
pointed teeth between these. Head and opercular bones smooth or tuber- 



Fi«. 21 o. 

Catunis dorujotus Ag. Upper Jurassic (Lithographic Stoim); Cerin, Ain, Fiance. i/*a nat. size. 


Ciliated. Fins powerful, the dorsal arising opposite the pelvic pair, stouter 
and longer than the anal fin ; caudal fin forked. Scales rather thick, mostly 
broader than deep, and with serrated hinder border. The type species, E, 


orthostomus Ag. (Fig. 213), a slender fish, 
Kegis, Dorset. Other species in the 



c 


common in the Lower Lias of Lyme 
Lias, and ranging upwards to the 
Lithographic Stone of Europe {E. 
microlepidotus Ag.). IleteroJcpidofus 
7iicrzhacheri Leriche, from Mesozoic 
of Tian-Schan (Abh. k. bay. Akad. 
Wiss., math.-phys. CL, vol. xxvii., 
p. 306, 1916). 

Caturus Ag. [ConoduSy IJraem 
Ag.) (Figs. 214, 215). Essentially 
identical with Eugnaihus, but scales 
thinner, more deeply overlapping, 
and less narrowed near the ventral 
border of the fish. Endoskeleton 


of trunk usually well displayed in 
the fossils, showing hemi-vertebrae, 

SrilMUtfiarSM "Mitral spines 

in the abdominal region. Ranging 
from the Trias to the U[)per Jurassic, especially fine specimens being known 
from the Lower Lias of England (C, heterurus Ag. sp., etc.), the Upper Lias 
of Wiirtemberg [C, smithwoodwardi White), and the Lithographic Stone of 
Prance, Bavaria, Wiirtemberg, and L6rida, Spain [0, fwcaius, elongatus, maximus 
Ag., etc.). C, deani W. K. Gregory. Jurassic ; Cub'i. 

StfoMlodus Wagner ; Tklattodus, Ditaxiodus Owen. Large fishes resembling 
Caturus, Upper Jurassic of Europe. 


Callopterus Thiolli^re (Fig. 216). As Caturus, but dorsal fin opposed to 
anal fin. Lithographic Stone of Bavaria and France. C, insigms Traq. 
Wealden ; Belgium. 
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Wagner (Fig. 217). Much resembling CakiniSy but vertebral 
column consisting of hemi-vertebrae which become two similar complete rings 
in the caudal region. Dentition comparatively feeble. E, speciosus Wagn., 
from Lithographic Stone, Bavaria and Wiirtemberg. Other species in Oxford 
and Kimmeridge Clays, England. 

Osteorachis Egerton [fsocolum, Harpactes, Harpadira Egerton). Marginal 
teeth relatively large, inner teeth 
slender and clustered. Large hemi- 
vertebrae, not fusing into rings. Scales 
thin. 0. macrorephahis Eg. Lower Lias ; 

Dorset. 0. leedsi A. S. Woodw. Oxford 
Clay ; Peterborough. 

Ptijcholepis Ag.^ Head and oper- 
cular bones ornamented with ridges of 
ganoine ; teeth minute. Scales thick, 
much broader than decjj, externally 
marked with longitudinal grooves. 1\ 
hollensis A g., from Upper Lias of Eng- 
land, France, Bavaria, and Wiirtem- 
berg. Other species in Ijower Lias of England. Smaller species in Trias of 
Eaibl (Carinthia), Besano (Lombardy), and Connecticut, U.S.A. 

Neorhomholepis A. S. Woodward. Vertebral centra either ring-shaped or 
completely ossified. Scales thick, the majority ])roader than deep. N, excelsus 
A. S. W., English Lower Chalk. Also in Wealden, England, and l^ower 
Cretaceous, Bahia, Brazil. 

Lophiostomus Egerton. External bones strongly enamelled and a pair of 
bony prominences on cranial roof behind the eyes. King vertebrae. English 
Chalk and Cambridge Greensand. 

Otomitla Felix. Neocomian ; Mexico. 

Family 6. Amiidae. 

{Megahiridae Zittel ; Ilalecomoiphi Cope.) 

Mavgiml teeth conical, powerful, Branchiostegal rays broad and few > jugular 
plate large. Veriehral column usually well ossified. Of vertebrae, if present, the pleuro- 
centra and hypocentra forming complete alternating discs in part of the caudal region, 
the alternate discs bearing the neural and haemal arches. Fulcra almost or completely 
absent. Scales thin and cycloid, deeply overlapping. Upper Jurassic to Kecent. 

Liodesmus Wagner {Lophiurus Vetter). Notochord persistent, without any 
beginning of centra. Fulcra absent. Dorsal fin short-based and median ; 
caudal fin fan-shaped or slightly forked. Scales very small. L. gracilis Ag. 
sp. and L, sprattiformis Wagn,, from Lithographic Stone of Bavaria. 

Megalurus Ag. {Urocles Jordan) (Figs. 218, 219). Vertebral column much 
produced into the upper caudal lobe ; centra smooth ; caudal hemi-vertebrae 
rather elongated. Fulcra present. Dorsal fin considerably extended, arising 
opposite the pelvic fins, and reaching the hinder end of the anal fin j caudal 
fin convex behind, very large. Several species in the Upper Jurassic (Litho- 

^ Htnnig, E., IHychohpis hollemis, Jahresh. Ver. Vaterl, Naturk. Wiirtt., 1918, p. 178. — 
Woodtmrd, A. S., Proc. Yorks. Geol. Polyt. Soc., vol. xiii., p. 36, 1895. 


A 



Fi«i. 217. 


Kttrifc.orffiV^ spfriusiis Wagtiur. Abdoiijirial (.4) and 
caudal (/>) vertebnn*. c, rib; h, hueiual arch; other 
letters as in Fig. 210. Upper Jurassic (Lithographic 
Stone); Bavaria. 
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graphic Stone) of Bavaria, Wiirtemberg, Ain (France), and L^rida (Spain). 
M, mawsoni A. S. Woodw., from Lower Cretaceous, Bahia, Brazil. 

Amiopsis Kner. As Megalums, but sides of vertebral centra pitted. A» 
prisca Kner, from Lower Cretaceous, Istria. A, damoni Egert. sp., from 
English Pur beck Beds. A. dolloi Traq., from Wealden, Belgium. 

Opsigonus Kramberger. Lower Cretaceous ; Dalmatia. 

Amia Linn.^ {Cgclurus^ Notaeus Ag.) (Figs. 168 B, 220). Fulcra absent. 
Dorsal fin arising in front of the pelvic pair and extending to the caudal fin. 
Living in North America ; fossil in Lower Eocene to Lower Miocene fresh- 



Fia. 218. 

Megulufus elegantissiuius Wagn. Upper Jurassic ; Soleiihofen, 
Bavaria. iiat. size. 



Fkj. 210. 

Megidurns jMJyspondylus MUnst. Upper Jurassic; Kelheim. 
A, caudal portion of vertebral column, nat. size. //, scales, 
enlarged. 



Amiti eulva Linn. Head, from be- 
neath. Recent; South Carolina, bn, 
branch iostegal rays ; h, ceratohyal ; 
jngnl&r plate ; md, mandible. 


water formations of Europe and North America. A, (Notaeus) longicauda Ag. 
(Montmartre), A, (Cyduras) valemiennesi Ag. (Armissan), A. kehreri Andreae 
(Messel, near Darmstadt), A. anglica Newton (Isle of Wight), A, (Gydurus) 
macrocephala Reuss (Bohemia). 

Pappichthys Cope ; Protamia, Hypamialjeidy. Eocene; Wyoming, U.S.A. 
Upper Cretaceous ; Alberta, Canada. Protamia also from Eocene of Russia, 
Stylomyleodon Russell.* Resembling Amia, but with inner teeth blunt for 
crushing. Upper Cretaceous and Lower Eocene ; Alberta, Canada. Lower 
Eocene; Wyoming, U.S.A. 'I Kindleia J ordain. Upper Cretaceous; Alberta. 

Paramiatus Romer and Fryxell.* A deep-bodied Amioid from the Eocene 
Green River Shales of Wyoming, U.S.A. 

^ Andreae, A,, Abb. Senckenb. Naturf. Ges., vol. xviii., p. 859, 1894. — Leriche, if., Bull. Soc. 
Beige Gt^ol., vol. xxii., p. 121, 1908.— JVetofon, JS, T,, Quart. Journ. Geol. Soc., vol. Iv., p, 1, 
1899. 

* Jordan, D, S., Canadian Field Naturalist, vol. xli., p. 145, 1927 ; Russeli, L, <8., Anier. 
Joum. Sci., vol. XV., pp. 103, 264, 1928 ; vol. xvii., p. 869, 1929. 

* Romer, A. S., and FryxeU, F M., Paramiatm gurleyi, Amer. Joum. Sci,, vol, xvi,, 
p. 619, 1928. 
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Family 7. Paohyoormidae.^ 

{Microlepidoti and Cydolepidoti Zittel.) 

Trank elongate or fusiform^ and the mesethmoid forming a prominent rostrum, 
separating the premtixillae in the median line. Gape of mouth large, and marginal 
teeth conical. Opercular apparatus complete, with very numerous hranchiostegal 
rays. Vertebral arches very numerous and closely arranged, with or without 
hemi-vertehrae ; the last haemal expanded to support the lower lobe of the powerful 
caudal fin. Fin rays slender and closely set ; f ulcra minute or absent. Scales thin 
and rhombic, sometimes with rounded angles. Upper Lias to Upper Cretaceous. 

Pachycormus Ag. (Cephenoplosus Sauvage) (Fig. 221). Large, salmon-shaped 
fishes, with herni-vertebrae only in the caudal region. Cranial roof raised 



Fig. 221. 

PachycormiM maeroptenu BUinville sp. Head from the side (a) and from beneath (h), reduced. Upper 
Liae ; llminster, England, iop, iiiteroperculum ; juff, jugular plate ; m-f, mandible ; rnr, maxilla ; o;*, oper- 
culum ; pop, preoperc.uliim ; so, suborbltaln ; sop, suboperculum. Va size. 

into a median ridge behind. Operculum, suboperculum, and suborbitals very 
large. Rays of all the fins with distant articulations. Pectoral fins large ; pelvic 
fins absent ; short dorsal fin arising in front of the anal ; deeply forked caudal 
with elongated fulcra on each lobe. P. macropterus Blv, sp. (Fig. 221), and 
other species in the Upper Lias of Germany, France, Belgium, and England. 

Saurostomus Ag. As Pachycormus, but head relatively low and broad, the 
occipital region not raised into a ridge. Anterior pectoral fin ray produceil 
apparently into a tactile organ. & esocinus Ag. Upper Lias ; Wiirtemberg 
and England. 

JButhynotus Wagner {Heterothrissops, Psevdothrissops Sauvage) (Fig. 222). 

^ Woodufard, A, S., Pachycornms and Hypsocormus from the Jurassic of Normandy. Mem. 
Soc. Linn. Normandie, vol. xxiii , p. 29, 1908. — Saurostomus. Qeol. Mag., 1916, p. 49. 


142 


PISCES 


GLASS 1 



Hemi-vertebrae present. Fin fulcra minute. Pelvic fins present; dorsal fin 
opposed to much-extended anal fin. Scales rhombic, rounded at the angles. 
E, speciosus Wagn., and other species in the Upper Lias of Germany, France, 

and England. 

Sauropsis Ag. (Diplolepis Vetter). 
Elongate fusiform. No hemi- vertebrae. 
No fulcra. Pelvic fins present; dorsal 
fin opposed to much-extended anal fin. 
S. latus Ag., S. veniinalis White. Upper 
Lias; VViirtemberg. S. longimanus Ag. 
Lithographic Stone ; Bavaria. S. 
(?) woodward i Gregory. Jurassic; 
Cuba. 

Prosauropsis Sauvage. Differing 
from Sauropsis in short anal fin. 1\ 
elongahis Sauv. Upper Lias; Yonne, France. 

Eugmthidrs W. K. Gregory. Jurassic ; Cuba. 

Hypsocormus Wagner (Fig. 223). Large fishes, with very small rhombic 
scales, much resembling FachycormuSy but with larger round teeth, small pelvic 

^ fins, and a much extencled 
anal fin. Large teeth rounded 
nj in section, of complex struc- 

ture, not in sockets. IL 
insiijnis Wagn., from Litho- 


Fio. 21^2. 

Eulkynotiti micropodiuit Ag. Bp. Uppor IJoU, 

Wurtemterg. vl, vertebrae (c, haemal arches; hyr, 
hyi>oceritrum ; n, neural arches; p, parapophyses;p^c, 
picurocentniin ; sp, neural spine). B, scales. Nat. size. 



Fio. 223. 

Hypsocormus insignii Wagn. Fortion of trunk, i/# nat. size 
Upper Jurassic (lithographic Stone); Bicbsta«lt, Bavaria. 


Fro. 224. 

Tooth of Proto- 
sphyraena ferax Leidy. 
Upper Chalk; Maas* 
triclit. Nat. size. 


graphic Stone of Bavaria. H. leedsi A. S. Woodw., from Oxford Clay, 
Peterborough. 

Orthocormus Weitzel.^ Lithographic Stone ; Bavaria. 

Asihemcormus A. S. Woodw. (Agassizia Vetter nec Valenciennes). Trunk 
elongate and head relatively large. Teeth minute and clustered. No hemi- 
vertebrae. Pectoral fins very large and sickle-shaped; pelvic fins absent; 
dorsal in advance of anal fin. A. titanius Wagn. sp., about 2 m. long, from 
Lithographic Stone, Bavaria. 

^ Weitzely K.y Natnr nnd Museum (Fraufcfnrt), vol. 60, p. 26, 1930 ; also Abbandl. 
Seuckenberg. Naturf. Ges., vol. xlii., p. 101, 1930. 



SUB-CLASS VI 


GANOIDE£ 


143 


Leedsia A. S. Woodw. A gigantic fish known by fragments from the 
Oxford Clay of Peterborough (L. prohlemaiica A. S. W.) and Normandy, and 

the Kimmeridge Clay of Dorset. 

Frotosphyraena Leidy^ {Erisichihe, Felecopierus 
Cope) (Figs. 224-227). Known only by the head 
and fins much resembling those of HypsocormuSy but 
teeth laterally compressed, in sockets, and snout 
more produced. F, ferox 


I'm 






Fkj. 225. 

Proiosphyraenn nitida C'ope. 
Rostrum trom beneath, showing 
pair of vomerine teeth, 1/4 >'at. 
size. Upper Chalk ; Kansas. 



Fkj. 220. 

Protoaphyraena sp. Articula- 
tion of pectoral iln witli pectoral 
arch. Upper Chalk ; Kansas, bcui, 
basals ; co, coracoid ; pet, fln rays ; 
sc, scapula. Vs (auer 

Hay). 


Leidy, and other species, 
in the Upper Cretaceous of 
Europe and North America. 
Teeth from Egypt and Pata- 
gonia. The teeth were 
wrongly ascribed to Sauro- 
cephahis Harlan, by Agassiz, 
the pectoral fins to Ftychodus 
Ag. 

Family 8. Aspidorhyn- 
chidae.2 

Very slender, elongated 
fishes, with snout elongated 
and pointed. Maxilla loose ; 
mandible with a movable pre- 
dentary or presymphysial 
hone. Teeth conical, pointed. 
Branchiostegal rays numerous. 
Notochord with ring-vertebrae. 
Caudal fin externally homo- 
cereal. Fin filer a minute. 
Scales rhombic, some deepened 
onfiank. Bathonian to Upper 
Cretaceous. 

J spidorhynchus Ag. (Fig. 
228). Thin, slender fishes, 
attaining a, metre in length, 
with enamelled scales, which 
are more or less rugose and 
not remarkably thick. Fore- 
most scales of lateral line 
not deeper than those im- 
mediately beneath. Pectoral 
fin with very broad rays, which are jointed only in their distal quarter ; no 
fulcra. Pelvic fins somewhat behind the middle point of the trunk. Anal 
fin opposed to the small dorsal fin, each with minute fulcra. Caudal fin 


Fiu. 227. 

Frotosphyraena 8p. Part of 
pectoral 11 n. English Chalk. 
1/2 nat, size (after A. S. Wood- 
ward). 


1 Felix, J.y Zeitschr. Deutsoh. Geol. Ges., vol. xlii., p. 278, 1890.— Zoowi-w, F. B., Palaeontogr., 
vol. xlvi., p. 215, WOO.^Woodivardy A. S., Aim. Mag. Nat. Hist. ser. 6, vol. xiii., p. 510, 1894. 

® Assmanriy P., tjber AspidUffhynchns. Areliiv f. Biontologie, vol. i., p. 49, 1906.— O., 
tTber Aepidorhynchus, Belmostomus, imd f^pidosteus. Sitziingsb. k. bay. Akad. Wiss., math.- 
phy«. Cl., 1887, p. 161. 
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deeply forked, with delicate fulcra. Lower jaw much shorter than the snout, 
which is formed by the mesethmoid and premaxillae. The oldest known 
species is A. crasms A. S. Woodw., from the Stonesfield Slate (Bathonian) 
of Oxfordshire. A. euodiis Egerton, from Oxford Clay. Well preserved fishes 


A 



Fio. 228. 

Anpidorhunchus acuHrofitris lllv, sp. Upjjer .JuraHsIc (laUiof^rapljic StiOne); Hohnihofen. J, lead and 
part of trunk ; iop, interop^rculuni ; vi'f, Tnan<lible; mx, maxilla; q>, operculum ; fmd, predeiitaiy ; ffoft, pre- 
operculum; ;»/, pterygoid; quadrate; «, /so, siiborbitalH (the diviNion between s and so in a ci'..ck); $itp, 
subopercuiuni. /J, vertebral rings. (•, three vertebrae of caudal region. Nat. size. 

in the Lithographic Stone of Bavaria (A. acutirostris Blv. sp.) and France ; 
also in the English Purbeck Beds {A. Jisheri Egerton). 

Belonostomus Ag. {Vinctifer Jordan). As above, but mandible almost as 
long as the snout, and all scales of lateral line deeper than those immediately 
beneath. Kimmeridgian to Upper Cretaceous. Fine skeletons in the Litho- 
graphic Stone of Bavaria {B, sphyramouies Ag., etc.) and France, and the 
Cretaceous of Europe. Jaws and scales of B. cinctus Ag. in the Chalk of 
England and N. France. Other species in the Cretaceous of Mexico (B. 
ornatns Felix), Brazil {B, [Vinctifer] mnptoni Ag. sp.), and Queensland {B. 
sweeti Eth. and Woodw.). 

Family 9, Lepidosteidae. Bony pikes.^ 

Trunk elongated, with thick, enamelled rhombic scales. Snout much produced, the 
very long maxilla divided by a series of vertical sutures into several pieces, which hear 
large poirded laniary teeth and small clustered teeth ; premaxilla short and toothed. 
Vertebral column completely ossified ; vertebrae opisthocoelous. All fins with hiserial 
fulcra. Dorsal and anal finsr emote, near the rounded caudal fin. Upper Cre- 
taceous to Recent. 

Lepidosteus Lac4p6de (Fig. 229), the only genus of this family, survives in 
the rivers of the southern United States, Central America, and Cuba. Com- 
plete individuals occur in the Eocene and Lower Miocene of Europe and 
North America. L. airox Leidy, from the Middle Eocene Green River 

1 Eastman, C. JR., Fossil LepidoSteids from the Green River Shales of Wyoming. Bull. Mns. 
Comp. Zool. Harvard, vol. xJtxvl., p. 67, 1900. Also Geol. Mag. [4], vol. vii., p. 64. 1900. 
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Shales of Wyoming, attains a length of 1*7 m. X. fimhriatus Wood, from 

Oligocene, .Hordwell, Hampshire. X. 
hidiciis A. S. Woodw., from the Lameta 
Beds, Central Provinces, India. X. 

B 


Fio. 220. 

LvpidosteuB osseus Linn. Tail (A) and Hcalos (B). c?i, upturned end of vertebral column. Recent ; 

North America. 

(Clastes) lusitanicus Sauvage, from Garunmian, Portugal. Stensio has observed 
rudiments of the clavicles in the existing species. 

Clastes Cope. Eocene ; Wyoming and Utah, U.S.A. 

Order 4. HALBCOSTOMI. 

I’erfehral centra complete^ hut usually pierced hy persistent strand of notochord. 
Head well ossified. Premaxilla relatively small; both this and maxilla loose. 
Mandibular ramus of not more than two or three elements, Branchiosiegal rays^ 
sometimes with median jugular plate. No clavicle. Supports of dm'sal and anal 
Jim equal in number to the dermal rays. Caudal fin hemi-heterocercal. 

Family 1. Pholidophoridare.^ 

Trunk fusiform. Gape of mouth wide ; two suprainaxillary plates ; teeth small 
and conical. Fulcra present ; dorsal and. anal fins small. Scales rhombic^ hut thin 
and deeply overlapping : no intermuscular hones. Triassic to Upper Jurassic. 

Prohalecifes Deecke. Trias ; Kaibl, Carinthia, and Perledo, Lombardy. 

Pholidophorus Ag, (Figs. 230-232). In shape and size like herrings. Scales 
deeper than wide on the flank, smooth or finely striated and serrated. Small 
dorsal fin opposed to the pelvic pair. Caudal fin externally homocercal, 
deeply forked ; a large, unpaired dorsal scale often at its base. Common in 
the Alpine Trias of liaibl (P. bronni Kner) and Seefeld {P, pusillus Ag.) ; in 
the Lower Lias of Lyme Kegis {P. hechei Ag., P. limbatus Ag.), Upper Lias of 
Whitby, Calvados, Wiirtemberg, and Bavaria {P. germanicus Querist.) ; in the 
Lithographic Stone of Bavaria and France ; in the Purbeck Beds of England, 
Wealden of Belgium, and Lower Jurassic of the Black Hills, South Dakota, 
and near Santa Kosa, New Mexico. Also Jurassic, China; Hawkesbury 
Formation, New South Wales ; Karroo Formation, South Africa and Congo. 

Baleiichthys Bohon. As Pholidophm'us^ but dorsal fin more remote. 
Jurassic ; Irkutsk, Siberia. 

Thoracopterus Bronn [Pterygopterus Kner). Pectoral fins much enlarged, and 
dorsal opposed to anal fin. Trias ; Baibl, Carinthia ; and Lunz, Austria. 

^ Bieae^ IF., Pholidopboriden aus den llthographiscben Scbiefern Bayeriw. Neues Jabrb. f. 
Min., 6t(\, Iviii., p. 50, 1927. 

VOL. n 




L 


146 


PISCES 


CLASS I 


Gigantopiems Abel. Upper Trias ; Lunz, Austria. 

Ceramnrus Egerton. Scales almost or completely absent on flanks ; a short 
series of stout ganoid ridge-scales on hinder half of caudal region above and 
below. C, maat'ocephalus Eg. Purbeck Beds ; Wiltshire and Dorset. 

Fleuropholis Egerton (Fig. 233). Scales thick, those of middle 
of flank much deepened, dorsal and ventral scales small and 




. ./ 1»0P^ 






PlwHdophonts striolaHs As* Hoad (J) and fail (/>■), nat. sizu. Upper Jtira.ssic*. (LitboKraphic Stone); 
Eichstiidt. d, eleithrum ; /r, frontal; iop, interoperculnm ; md, mr.ndihiR ; ttix, maxilla; rm, nasal; o?», 
operculum; pa, parieUU; pvu, preinaxilla; pop, preoiXTculuni ; psph, parasphenoid ; pf, post-t(‘rnporal; 
sd, aupracleithruni ; so, suborbilals ; sop, .suboperculum. 



Fio. 231. 

l%olidophorus niicrmyx 
Ag. Inner view of scales. 
Upper Jurassic (Liiho- 
graphic Stone) ; Eichstiidt. 
Nat. size. 



Fhj. 232. 


Pholidophorus pnsillvs Ag. 
Upper Trias ; Seefeld, Tyrol. 
Nat. size. 


rhomboidal. Lateral line deflected, 
traversing upper row of ventral 
scales. Dorsal and anal fins ex- 
tended and opposed. P, atfenuata 
Eg., and other species from English 
Purbeck Beds. P. egertoni Wagner 
and other species from Lithographic 
Stone of Germany and IVance. 
Wealden ; Belgium and Lebanon 
{P. koerti Janensch). 

? Arcliaeomene A, S. Woodw. 
Apparently without ring-verte- 



Fig. 233. 

PleuropholU fortnosa A. S. Woodw. Bestoration by A. 8. Woodward, slightly enlarged. 
Purbeck Beds ; Wiltshire. 


brae. Dorsal and anal fins opposed. Scales thin and almost cycloidal ; none 
deepened. A, tenuis A. S. W., 12^cm. long. Upper Hawkesbury-Wianamatta 
Beds ; Talbragar, New South Wales. 
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Family 2. Oligropleuridae. 

As Pholidophoridae hut scales very thin and cycloid, deeply overlapping. Upper 
Jurassic to Upper Cretaceous. 

Oligopleurus Thiolliere (Fig. 234). Teeth very small, and mandible 
prominent. Vertebral centra not pitted. Dorsal fin short-based, opposed to 



¥ir., 2:'A. 


Oliyoiilcurns csty inus ThiolL Upper JurasKic. (IJMiojjraphic St«ne); Cerin, Ain, France. 

^/4 nat. size (alter Thiolliere). 

anal lin. Caudal fin slightly forked. Scales rather large. 0. esocinus Thioll., 
from Lithographic Stone, Cerin (Ain, France). 

Oeonoscopus Costa (JitaJceopsis Thioll. ; Macrorhipis Wagii.). Almost as above, 
but vertebral centra with two lateral pits and greater portion of dorsal in advance 
of anal fin. 0, petraroiae Costa, from Lower Cretaceous, Pietraroja, Prov. Bene- 
vento, Italy. Other species in French and German Lithographic Stone. 

Spathiurus Davis (Amphilaphvrus Davis). With much extended dorsal fin. 
S. dorsalis Davis. Uppei* Cretaceous ; Mount Lebanon. 

Family 3. Leptolepidae. 

Trunk elegantly f usiform. Head with delicate membrane bones and well-developed 
cheek plates, more or less enamelled ; parieials meeting in middle Ihw, f unked by large 
sqmmosals. Gape of mouth wide; two snpramaxillary plates; teeth small and conical. 
Intermuscular boms present. Fulcra absent ; dorsal and anal fins small. Scales thin 
and cycloidal, ganoid ami with bony layer. Upper Lias to Lower Cretaceous. 


Lycoptera Miiller.' Teeth minute. Dentary bone with no thickening. 
Pectoral fins much larger than pelvic pair j dorsal opposite anal fin ; caudal 



Pio. 236, Fl«. 28(1. 


Head of LeptdmU knorri Ag. Upper Leptolepis sprattiformis Ag. Upper Jurassic ; Eichsttidt. 

Jurassic; Eellieim. Reduced. Nat. size. 

fin forked. L. middendorjfi Muller. Jurassic ; Turgd, Siberia. Other species 
scarcely more than 10 cm. in length from Jurassic of China. 

Leptolepis Ag, [Tharsis Giebel ; Sarginites, Megastoma Costa ; Liassolepis 

^ Cockerell, T. i>. A., Bull. Amer. Mus. Nat. Hist., vol. li., art. viii., 1925. — Reis, 0. M., 
Reohv g4ol. et min. Ohemin de Fer de Silx^rie, livr. 29, p. 5. St. Petersburg, 1909. 
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Jack el) (Figs. 235, 236). Usually small fishes. Dorsal fin in front of anal 
fin, which is not much extended. Dentary bone sharply rising into a thickened 
obtuse elevation near its anterior end. Teeth minute. L, hronni Ag., and 
other comparatively small species in the Upper Lias of England, France, 
and Oermany. L, dubius Blv. sp., L. spratiiftmnis Ag. (Fig. 236), and other 
species in the Upper Jurassic (Lithographic Stone) of Bavaria, France, and 
L4rida, Spain ; also from the English Purbeck Beds, the Wealden of Belgium 
and England, the Lower Cretaceous of Naples, the Isle of Lesina, Dalmatia, 
and the Hawkesbury-Wianamatta Formation of New South Wales. Fragments 
from King Charles Land, Spitzbergen, Persia, and Cuba. 

Tharrhias J ordan and Branner (Cearami J. and B. ).^ Cretaceous ; Ceara, Brazil. 


B 



Fui. 237. 

Ihriisops /urmosuit Ag. Two rami of lower jaw (>4) and middle part of vertebral column {Jl). Upper .Turashic 
(Lithographic Stone) ; Kelheim. Nat. size. 


Aethalion Munster. Nearly resembling Leptolepis, but dentary bone of 
mandible gradually deepening from the symphysis backwards without any 
marked thickening. Lithographic Stone ; Bavaria and L^rida, Spain. 
Wealden ; Belgium and England (A. valdemis A. S. W., about 40 cm. long). 
L. Cretaceous ; Castellamare, Naples. 

Thrissops Ag. (Fig. 237). The short dorsal fin opposed to the mucb> 
extended anal fin. Ribs very stout. Upper Jurassic and Lower Cretaceous of 
Europe, the type species being T, formosus Ag. (Fig. 237), from the Bavarian 
Lithographic Stone, 50 cm. long. One specimen - shows six or seven small 
skeletons of unborn young above the intestine, which is marked by a spiral 
valve. T, molossiis A. S. W., English Purbeck Beds. Wealden ; Belgium and 
England, T. volgensis Kozlov. Lower Volgian ; Simbirsk, Russia. 

Pachythrismps A. S. Woodw. (Parathrissops Eastman nec Sauvage). Head 
as in Leptolepis, but the elevation of the dentary relatively broad and less 

^ Jordan, />* 5., Mon. Serv. Geol. e Mineral. Brasil, vol. iii., p. 20, 1923. 

“ Nenmayer, Z., Ein viviptrer Fisch aus dem litlxograpbischen Scbiefer von Kelheim. 
Centralbl. f. Min., etc., 1929, p. 499. 
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thickened. Vertebral centra stout. Dorsal and anal fins acuminate, not 
much extended, opposed. Scales very delicate. P. laevis A. S. W. Ihirbeck 
Beds ; Dorset. J\ vedensis A. S. W., at least a metre in length. Wealden ; Isle 
of Wight and Sussex. 

Eurystethm Sauvage. Upper Juras.sic (Lithographic Stone); Ain, France. 
Vidalia Sauvage. Upper Jurassic (Lithographic Stone) ; L^rida, Spain. 

Haplosporulylus Cabrera. Lower Cretaceous ; Lake San Martin, Santa 
Cruz, Argentina. 

Sub-Class 7. TELEOSTEI.^ Bony fishes. 

Skin with thin, elastic, cycloid or ctenoid scales, rarely with hony plates. Skull 
ossified, and jaws hyosiylic. A yarasjfhenoid hone. Mamlible simple, each ramus 
consist imj of only two or three elements. Vertehral column ossified. Internmscular 
hones more or less numerous. Fin fulcra absent. Suppmis of dorsal and ay^al fins 
e<jual in number to the dermal rays ; caudal fin often both internally and externally 
honwcercal. In the living forms — optic nerves completely decussating, hulbus 
arteriosus of the heart tvith only two valves, and intestine with, out a spiral valve. 

The distinction between the bony fishes and ganoids consists partly in the 
dermal skeleton and partly in anatomical characters, which cannot usually be 
vt*riHed by palaeontologists. The two Sub-Classes are most closely related to 
each other, and the line of demarcation between the Protospondyli or Halecostorni 
and the Isospondyli is sometimes almost obliterated. Among Teleostei the 

* Aramhuunj, 0., Rovisiou des poi.s.soiis fossiles de Licata (Sioile). Ami. Paleontologie, vol, xiv. , 
p. 39, 1925. — Les Poissons fossiles d’Oran. Alater. Carte gi'ol. Algt'rie, ser. 1, Paleout.no. 6, 1927. — 
iiassani, Fr. , Descrizioue dei pesci foa.sili di Lesiiia accompagnata da appunti su alcune altre ittiofauue 
cretacee. Penksclir. k. Akad. Wiss. Wien, niath.-iiaturw. Cl., vol. xlv., p. 195, 1882. — Aggimite al- 
r ittiofauua eocenica dei Moute Bolca e Postale. Palaeout. Ital., vol. iii., }>. 77, 1897. — Iltiofauua 
delle argille pliatoceniclie di Taranto. Atti R. Accad. Sci. Napoli [2], vol. xii., no. 8, 1905. — 
Cockerell, T. J). A., Cretaceous Fish Scales. TJ.S. Geol. Surv., Profes.s. Paper 120, 1919, — J)' Krasmo, 

0. , r ittiofauna fossile di Racalmuto. Gioru. Soc. Sci., elc., Palermo, vol. xxxv., p. 77, 1928. — 
L’ ittiofauna fossile di Senigallia. Atti R. Accad. Sci. Najioli [2], vol. xviii., no. 1, 1929, — 
L’ ittiofauna fossile del Gabbro. Tom. cit., no. 0, 1930. — EaMman, V. Ji., Les Types des poissons 
fos.sile.s dll Monte Bolca. Mem. Soc. Gcol. B'rance, vol. xiii., Palcont. no. 34, 1905. — Fishes»from 
the Upper Eocene of Monte Bolca. Mem. Carnegie Mus., vol. iv., no. 7, 1911 ; vol. vi,, no. 5, 
1914. — Hay, 0. /*., North American Cretaceoii.s Actinopteroiis Fishes. Bull. Amer. Mu.s. Nat. 
Hist., vol. xix., art. 1, 1903. — Jordan, D. S., Fish Fauna of the California M'ertiary. Stanford 
Univ. Publ,, Biol. Sci., vol. i. , no. 4, 1921. —Fossil Fishes of Miocene of Southern CaUlornia, 
Loc. cit., vol. iv., no. 1, 1925. — Jmdan, D. S., and Uilheri, J. Z,, Fossil Fishes of Southern 
California. Lelaiid Stanfoixi Junior Uiiiy. Publ., 1919. — Fossil Fishes of Diatom Beds of Lompoc, 
California. Loc. cit., 1920. — Kner, R., Uber eiiiige fossile Fische aus Kreide und Tertiarschichten 
vonComeuund Podsused. Sitzungsb. k. Akad. Wiss. Wien, math.-naturw. Cl., vol.s. xlviii., Ivi. — 
Kner and Steindach7ier, Neue Beitrage zur Kenntniss der fossilen Fische Osterreichs. Denkschr, 
k. Akad. Wien, vol. xxi., 1863. — Kramherger, 1). O., Die eocaneii Fische der Baschker Schichten. 
Palaeontogr., vol. xxiv., 1887. — Beitrage znr Keuniniss der fossilen Fische der Karpathen. 
Palaeontogr. , vol. xxvl, p. 51, 1879. — Die jungtertiiire Fischfauiia Kroatien.s. Beitr. Paliiont. 
u. Geol. Osterr.'Ungarns, voD. ii., iii., 1882-83. — De pisciluis fossiJibus Comeni, Mrzleci, Lesinae, 
et M. Libanonis, etc. Djela Jugoslav. Akad., vol. xvi., p. 4, 1895. — Meyer, II. von, Palaeontogr., 
vols. ii., vi. — Priein, F,, Poissons fossiles de Perse. Mission de Morgan, Annales, 1908. — 
Poissons fo.ssile» des terrains tertiaires d’eaii ilouce et d’eau saumfltre de France et de Suisse. 
M6m. Soc. GiJol. France, PaWont., no, 50, 1914.-- II. K., Bull. Soc. G^ol. France, ser. 3, 
volfl. ii , ill, vi., xi. — Steindachner, F., Beitrage zur Kenutniss <ler fossilen Fischfaima Osterreichs, 

1. -iv. Sitzungsb. k. Akad. Wien, vols. xxxvii., xxxviil, xL, xlvii., 1859-63. — WeUer, W,, Die 

roittel- und obereocane Fist^hfauna Agyptens mit besonderer Beriicksichtigung der Teleoslomi. 
Abhandl. Bay. Akad. WUs., math. -naturwiss. Abt., n.s., 1, 1929. — A., Uber die Pisch- 

fauna des tertiaren Glarnerschiefers. Abh, schweiz. palaont. Ges., vol. xiii., 1886. — L. F., 
Die Fische der tyfiisohen Fischschiefer aua den Schachten der Kaliwerke Buggingen. Mitt. 
Badlsch. Geol, Laudesaust., vol. x., p. 147, 1928. 
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internal skeleton is often characterised by its very dense structure and" the 
sparse development of bone cells. The caudal lin, unlike that of the ganoids, 
is usually both internally and externally homocercal. In the more specialised 
forms the pelvic fins are sometimes displaced far forwards, while the rays 
of the dorsal and anal fins are sometimes articulated, sometimes spinous. 

The Teleostei are divided here into the nine Orders of Isospondijlij Ostario- 
phys% Hajdomi, Apodes, Percesoces, Hemihranchii, Anacanthm% Heierosonuiia, and 
Acanthopterygii. A more precise and detailed classification, such as has been 
elaborated during recent years for the existing bony fishes, cannot be applied 
to many of the crushed and fragmentary remains of extinct fishes. A large 
proportion of the identifications of the Tertiary Teleosteans, indeed, are at 
present unsatisfactory and uncertain. In the lower groups (Physostomi) the 
air bladder, when present, is connected by a tube with the oesophagus ; in 
the more specialised groups (Physodysti) there is no such connection in the 
adult fish. 


A. PHYSOSTOMI. 

Air bladder^ when present^ conncded by a tube with the oesophagus. 

Order 1. ISOSPONDYLI. 

Sywplectic hone present No verteh'ae fused or specially modified. Peel oral 
arch with precorac.oid arch (or mesocoracoid). Pelvic fins ahdominal ; all fin rays 
articulated. Scales^ when present, usually cycloid. 

Of all the bony fishes the Lsospondyli approach most closely the Ganoids, 
especially the Protospoiuiyli and Halecostomi. They probably originated from 
the latter, becoming specialised in their own line, and soon considerably 
exceeding their ancestors in diversity of form. They already exhibit an 
important development in the Lower Cretaceous, but attain their widest 
distribution in the Tertiary and at the present day. They live partly in the 
sea, partly in fresh waters. 

Family 1 . Elopidae.^ 

Trunk fusiform, and caudal region relatively short. Supraoccipital bone not 
prominent, hut extending forwards beneath the united parietals or separating the latter 
in the median line; squamosals suturally united with parietals and completely 
covering the otic hones except behind ; well-developed cheek plates, not enamelled ; jaws 
as in Clupeidae. Opercular apparatus complete, with numerous hranchiostegal rays, 
and usually a jugular plate, A single dorsal fin, without adipose dorsal. Scales 
thin and cycloid, without bony layer. Cretaceous to Recent. 

Elopopsis Heckel. Gape of mouth wide, with large teeth. E. fenzli 
Heckel, from Neocomian, Comen, Istria. E, ziegleri v, d. Marck, and other 
species in the Upper Cretaceous of Western Europe. 

Osmeroides Ag. {Rhahdolepis v. d. Marck nec Troschel ; Holcolepis v. d. 
Marck). Salmon-shaped fishes with minute clustered teeth, and very deeply 
overlapping scales. 0. lewesiensis Mantell sp., from English Chalk. Other 
species in the Upper Cretaceous of Westphalia, Bohemia, and Mount Lebanon. 

* Ridewood, W. O., Cranial Osteology of Elopidm aii<l AlhvXidae, Proc. Zool. Soc,, 1904, 
vol. ii., p. 85. — Cranial Osteology of the Clupeoid Fishes. Loc. cit„ p. 448. 
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Flindersichthjs Longman. Lower Cretaceous ; Queensland. 

Thrissopater Gunther. Single series of small conical teeth on margin of 
jaws. Abdomen compressed to sharp edge. T. salmmieus Gthr. Gault ; 
Folkestone. Linelops A. S. Woodw. English Chalk. 

Fachyrhizodus Dixon {Hypsodon Ag. p.p. ; liaphiosaurus Owen; Acrodonto- 
saurus Mason). Teeth stout and conical, not compressed, fused with supporting 
bone; premaxilla horizontally extended, with a row of marginal teeth and 
two larger teeth within. Vertebral centra deeper than long, not pitted at 
the sides. F. hasalis Dixon ; ]\ latimentum Cope. Upper Cretaceous ; Europe 
and North America. 

Mhacolepis Ag. ; Nofelops A. S. Woodw. ; Enneles Jordan and Branner ; 
EnnelichthySy Braunerion Jordan. Cretaceous ; Ceard, Brazil.^ 

Frotelops Laube. Upper Cretaceous ; Bohemia. 

Meyalops Lacc'ip. ; Elo 2 :)s Linn. Eocene to Kecent. 

Esocelops A. S. Woodw. Lower Eocene ; England. 

Spaniodon Pictet. One or two pairs of large conical teeth near front end 
of mandible, liibs very long, straight and slender. Dorsal fin opposite 
pelvic pair. S, hloiid.eli Piet., from Upper Cretaceous, Sahel Alma, Lebanon. 
S. simas Cope. Upper Cretaceous ; Dakota, U.S.A. 

Thrissopteroides v. d. Marck. As Spaniodon but dorsal fin behind pelvic 
pair. Upper Cretaceous ; Westphalia and Lebanon. 

Brouweria de Beaufort. Miocene ; S. Celebes. 


Family 2. Albulidae. 


Glupeoids with very small months and some inner bones tvith grinding teeth. 
Branchiostegal rays few, and jvgular plate absent. Upper Cretaceous to Recent. 


Istieus Ag. (Fig. 238). An elongate fish, with much extended dorsal fin, 
small anal fin, and forked tail. Teeth very small. Closely resembling the 



existing deep-sea fish Bathyihrissa Gunther. About three species in the Upper 
Cretaceous of Westphalia and Lebanon. 

Fisodus Owen, Large hemispherical or flattened crushing teeth on the 
parasphenoid. Closely resembling existing Albula. Lower and Middle Eocene 
of England and Belgium. 

* Jordan, 1). S., Mon. Serv. Geol. e Mineral. Brasil, vol. iii., p. 32, 1928. 
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Chamides A. S. Woodw. Few stout conical teeth. Upper Eocene ; 
Monte Bolca. 


Family 3. Chanidae. 

Clupeoids with small, usually toothless mouth, and parietals meeting in middle 
line, Bramhiostegal rays few, without jugular plate. Cretaceous to Kecent. 

Prochanos Bassani. Toothless. No enlarged scale at base of tail. P. 
rectifrons Bass. Neocomian ; Lesina, Dalmatia. 

Chanos Lac^pedo. Toothless. Enlarged scale at base of tail. Eocene 
to Recent. 


Family 4. Plethodontidae.^ 

Head much resembling that of Osteoglossidae, hut external hones less thickened ; 
dental gdate on parasphemid opposed to another on glossohyal, Upi)er C'retaceous. 

Pleihodus Dixon. A single dental plate, consisting of vertical tubules of 
dentine, .above and below. P. ejpansus Dixon. Albian to Senonian ; S.E. 


D 



Fio. 23P. 

Anogniitu aratus Cope. A, End caudal vertebrae. Ji, Transverse section across mouth. h.hr, position of 
basibranchial ; ee.pt, ectopterygoid ; pof, palatine ; ^lar, |»aras]»lienoid. c', Basibraiichial ifi.hr.) and glo«sohyai 
igl.h) plates. D, Roof of ^late. tt/i, ethmoid ; j>af, palatine ; par, ] arasphenoid ; vom, vomer. Chalk ; Kaunas. 
1/2 oat. size (after Hay). 

England. P. furcatas Fritsch sp. Turonian ; Bohemia. Probably also in 
Egypt. 

Anogmius Cope (Fig. 239). One median dental plate above, two median 
dental plates below. Marginal teeth minute and clustered. Body elongate- 
fusiform, and laterally compressed, with numerous short vertebrae. A. aratus 
Cope (Fig. 239), at least 1 m. in length. Upper Cretaceous (Niobrara 
Group) : Kansas, U.S.A. A. omatus A. S. Woodw. Lower Chalk ; 
Lincolnshire. 

Syntegmadus, Thryptodus, Pseudothiyptodus Loomis. Martinkhlhys McClung, 
with elongated snout. Niobrara Group ; Kansas, U.S.A. 

* LwyniU, F. B., Thxyptodwt, etc. Palaeontogr., vol. xlvi., p. 229, 1900. — WoodvxLtd^ A. 8., 
Cretaceous Fish Plethodm. Ann. Mag, Nat. Hist. [7], vol. iii., p. 353, 1899. — Anogmius wmaius 
sp. nov. The Naturalist, 1923, p. 297. 
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Ghkolepis Cockerell. Scales from Cretaceous, Ortigalito Creek, California. 
Kyrnatopetalolejds Cockerell. Scales from Turonian, Saxony. 


Family 5. OsteogrlosBidae. 

Head bones much thickened, and cheek plates robust ; parietals meeting in middle 
line. Margin of upper jaw formed both by premaxilla and maxilla with teeth. 
Minute teeth clustered on jnirasphenoid and glossohyal. Scales large and thick, 
composed of mosaic-like pieces. Eocene to Recent. 

Fhareodus Leidy {Dapedoglossns Cope). Laterally compressed deep-bodied 
fishes from the Eocene Green River Shales of Wyoming, LLS.A. 

Brychaetus A, S. Woodw. London Clay ; Sheppcy. Large skulls. 

Srleropages Gunther. Recent and in Tertiary, Sumatra.^ 

Osteoglossmn and other genera arc large freshwater fishes living in the 
tropics. 

Family 0. Ichthyodectidae.^ 


Large extinct predaceous fishes, with a ro w of strong conical teeth fixed in sockets 
on the margin of the jaws. Upp<^f' ji^^^ formed by short and deep premaxilla, and 
long stout maxilla ; 
mandible deep, trun- 
cated in front, without 
any predentary bone. 

Vomer arulparasphenoid 
toothless ; palato-ptery- 
goid arch with patches of 
small teeth. Faired fins 
composed of a very Iroad 
anterior, ami numercnis 
narrower rays, finely 
divided ami articulated 
at the distal end. Dorsal 
fin short and remote; 
anal fin not much ex- 
tended ; caudal fin 
forked. Scales large, 
cycloid. Cretaceous. 

This family is 
closely related to the 

existing Ohirocentridae Ileud of rortheus vioJassua Cope. UpjM'ir cretaceous (Niobram Group) ; Fox 
9 ’ Caftoii, KaiiHaR. 1/4 size (after Cope). 

of which only one 

genus {Chiroemtrus) is known, inhabiting the Indian Ocean. The latter may 



Fio. 240, 


' de Beaufort, L. F., Osteoglosside Visch in het Tertiair van Sumatra. Verliand, Geol.-Mijn. 
Genootflch. Nederl. ed Kolon., Geol. Ser., vol. viii., p. 49, 1925. 

® Crook, A. li. t^Tber eiuige KnocheiifiRclio ans der iiiittleren Kreide voii Kansas. Palaeontogr., 
vol. xxxix., p. 107, 1892. — Lmmis, F. B., Die Anatomie und die Verwaudtschaft der Ganoid iiud 
Knocbenfische aiis der Kreide von Kansas. Palaeontogr., vol. xlvi., p. 213, McCluvg, C. F., 

Ichthyological Notes. Kansas Univ. Sci. Bull., vol. iv., p. 235, 1908. — Osborn, H. F., Fortheus 
moloasm Cope. Bull. Amer. Mus. Nat. Hist., vol. xx., art. xxxi., 1904. — Sletoart, A., 
Teleosts of the Upper Cretaceous. Univ. Geol. Surv, Kansia, vol, vi., 1900. — Woodioard, A. S., 
New Specimen of Fortheus molossus Cope. Geol, Mag. [5], vol. x., p, 529, 1913, 
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perhaps be represented by the extinct genus Platinx Ag. (Thrissopterus Heckel) 
in the Upper Eocene of Monte Bolca. 

Port, hens Cope (Xiphactinus Leidy ; Hypsodon Ag. p.p.) (Eig. 240). Power- 
ful fishes, sometimes 3 or 4 m. in length. Teeth of variable size, oval in 
transverse section. Palatine movably articulated with ethmoid, with hammer- 
shaped thickening. Eye with ossified sclerotic ; three suborbital plates. 
Operculum well developed and large. P. molossus Cope (Fig. 240) and 
other species occur in the Chalk (Niobrara Croup) of Kansas, U.S.A. P. 
mantelli Newton and other species in the Chalk and Gault of England, France, 
Belgium, Bohemia, and Saxony. Fragments also in Cretaceous of Rolling 
Downs, Queensland. 

Spathodactylus Pictet. Much resembling Poriheus. Neocomian ; Voiron s, 
Switzerland. 

Ichthyodecies Cope. As Portheiis, but smaller, and teeth of uniform size. 
Chalk of Kansas and England, perhaps also Queensland, Auslralia. 

Gillicus Hay. Like the preceding, but teeth small and fringe like. Ui)per 
Cretaceous ; Kansas. Gault ; Folkestone. 

Chirocentrites Heckel. Lower Cretaceous ; Istria. 

Euhiodectes Hay. E, Uhanicus Piet, and Humb. sp. Ujiper Cretaceous ; 
Hakel and Hajula, Lebanon. 

Chiromystus Cope. Lower Cretaceous ; Bahia, Brazil. ? Lower Eocene ; 
Alagoas, Brazil. 

Anaedopogon Cope. Upper Cretaceous ; Ceard, Brazil. 

Proportheus Jaekel. Cretaceous ; Cameroons, Africa. 

Scales of various Ichthyodectidae have been described as Cladocyclns Ag. 

Family 7. Saurodontidae. 

Skull laterally compressed ; jaws powerful^ as in Ichthyodectidae, and hearing a 
single row of compressed, knifedike teeth, with nutrient foramina or notches below the 
internal alveolar border ; toothless predentary hone present. Cretaceous. 

The two genera comprised in this family differ from the Ichthyodectidae 
in the presence of a predentary bone and in the form and manner of suc- 
cession of the teeth. 

Saurocephalus Harlan. Dental crowns low and much laterally compressed ; 
nutritive foramina on the inner face of the jaw below the alveolar border. 
S, lanciformis Harlan. Upper Cretaceous ; Kansas, U.S.A. S, woodwardi 
Davies. Danian ; Maastricht, Holland. 

Saurodon Hays (Daptinus Cope). Inner margin of each dental alveolus 
deeply notched. S. leanus Hays, and other species from Upper Cretaceous of 
New Jersey and Kansas, U.S.A. S. inferviedius Newton. Chalk ; Kent. 

Family 8. Olupeidae. Herrings, 

Trunk elegantly fusiform, Supraoccipital hone separating parietals, and otic 
region prominent; cheek plates reduced; premaxilla very small; maxilla large, 
entering the gape, with two supramaxillaries ; dentitim feeble. Opercular apparatus 
complete, hut few hranchiostegal rays, and no jugular plate, A single d^sal fin, 
nearly median, without adipose dorsal. Scales thin and cycloid, with^ bony layer ^ 
Lower Cretaceous to Recent, 
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Crossognatlius Pictet. Head and trunk laterally compressed, with large 
deeply overlapping scales but no ventral ridge scutes. Preoperculum forming 
a great triangular expansion, and suboperculum relatively deep. Several 
anterior rays of dorsal fin undivided ; pelvic fins opposite middle of dorsal ; 
scales smooth and lateral line conspicuous. C, sahaudianus Pictet, about 
35 cm. long, from Neocomian of Voirons, Switzerland, and Hanover. 

SylliMiniis Cope. Much resembling Crossognathns. Upper Cretaceous ; 
Colorado, U.S.A., and England. 

Pseudoheryx Piet, and Humb. No ventral ridge scutes. Scales pectinated. 
P. syriaens P. and H. Upper Cretaceous ; Hakel, Mt. Lebanon. 

Jlistiothrissa A. S. Woodw. No ventral ridge scutes. Fins relatively 
large. Scales smooth. H. macrodadyla v. d. Marck sp. Upper Cretaceous ; 
Westphalia. 

llalecopsis A. S. Woodw. Lower Eocene ; Belgium and England. 
Neohalempnis AVeiler. Oligocene ; Florsheim, Mainz. 

Diplomystus Cope {CopncMhys Dollo ; ? llyperlophus Ogilby ; Jlidiurns Costa ; 
EllipeSj ElUinma^ Knightia »Tordan). Abdomen compressed to a sharp edge, and 


bordered with large 
ridge scutes ; back 
between the occiput 
and dorsal fin ar- 
moured with smaller 
ridge scutes. D, den- 
tatns Cope, and other 
species finely pre- 
served in the Eocene 



Green Kiver Shales of 


Wyoming, U.S.A. J>. goodi Eastman, probably early Tertiary, Benito, 
Spanish Guinea, AV. Africa. Smaller species in the Cretaceous of Mount 
Lebanon (D. hrevissmus Blv. sp.), Italy, Istria, and Brazil ; in the Lower 
Eocene of Alagoas, Brazil ; in the Oligocene of the Isle of AVight ; and in the 
Miocene of Sarkeui, Sea of Marmora. Closely allied fishes living in the rivers 


of New South AA^ales and Chile. 


Scomhroclupea Kner. As Clupea, but finlets spaced out between the small 
anal and the forked caudal fin. S, niacrophthakna Heckel sp. Upper Creta- 
ceous ; Mount Lebanon. Neocomian ; Comen, Tstria. Nearly similar fishes in 
the Cretaceous of Brazil. Perhaps also in Neocomian of Voirons, Switzerland. 

Clupea Linn. {Alosa Cuv.). Herrings (Fig. 241). Abdomen compressed 
to a sharp edge, and bordered with large ridge scutes ; no dorsal scutes. 
Teeth minute on the jaws and palatines, larger on the vomer and hyoid. 
Dorsal fin small and median. Not certainly known below the Upper Eocene 
of Monte Bolca, near Verona. Small species in the freshwater Lower Miocene 
of Unterkirchberg, near Ulm, AV^iirtemberg. (7. {Sardinella) hrouweri de 
Beaufort. Miocene ; South Celebes. Numerous Recent species. 

Engraidis Cuv. Tertiary and Recent. 

Etrumms Bleeker. E, houlei Arambourg. Miocene; Licata, Sicily, and 
Oran, Algeria. Recent species. 

Sahelinia Arambourg. Miocene ; Oran, Algeria. 

Meletta Val. (Pig. 242). Small slender fishes with scales marked with 
three to six pairs of radiating grooves. Jaws toothless. Ventral ridge scutes 
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large. Tertiary and Recent. Very common in the Lower Oligocone (Meletta 
schiefer) of the Carj)athians, Roumania, Croatia, Switzerland, Alsace, etc.^ 

Dastilhe Jordan. 
Lower Eocene ; Ala- 
goas, Brazil. 

Xyne Jordan. 
Found in shoals in 
I) i a t o m a c e o u s 
Earth, Santa Bar- 
bara Co., California. 
Iquius Jordan. 

Mchtta mrdinUeii \loo\iQ]. I.owt^r Oligocene ; UatlolK)j, Croatia. Nat. size, rp T 

with .scales onlargHd (after nrekel). iertiary J Japan. 

Family 9. Otenothrissidae. 

Closely resciMiiuj Cluj>eidae, hut pariefah quirthf medimj in mitklle Jine^ and 
enlarged pelvic Jins far fonrards. I'pjicr Cretaceous. 

Ctenotlirissa A. S. Woodw. (Fig. 24 J). Scales ctenoid. C. rexillifer Piet. 



Fio. 248. 

CUnothrism mierwepheda Ag. sp. Restoration by A. S. Woodward, about V 2 nat. size. English Chalk. 

sp. Upper Cretaceous : Mount Lebanon. C, radians, microcephala Ae. sp. 
English Chalk. 

Aitlolepis Ag. Scales cycloid. English Chalk. 

Family 10. Salmonidae. Salmon. 

As Clupeidae, hut a small adipose fin Miind the dortal fin. Upper Tertiary 
and Recent. 

Thaumatu/rus Reuss and Prothymallus Laube. Miocene ; Bohemia. 

^ Weiler, W., Das Vorkoininen iBolierier Kopfe bei fossilen Clu}eiden. Senckenbergiana, 
vol. xl., p. 40, 1929. 
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Salmo Linn, Doubtfully recorded from the Lower Miocene of Bohemia 
and the Upper Miocene of Croatia. 

Fossil skeletons of the existing Mallohis villosm Miill. are very common in 
nodules in Pleistocene Clay on the coast of Greenland and in the glacial 
deposits of Canada. They have also been found at a height of 580 rn. in 
S. E. Bosnia.^ 

Order 2. OSTARIOPHYSI. 

As Isospondyli, hit some anterior vertebrae fused together, and air bladder 
connected with organs of hearing by a chain of ossicles. 

Family 1 . Oharacinidae.^ 

Freshwater fishes with cycloid scales. Maxilla usually entering upper mar gin of 
mouth ; teeth usually on margin of jaws, and lower pharyngeals not falciform ; no 
barbels, Us'ually an adipose dorsal fin. Upper Tertiary and Recent. 

Numerous in the fresh waters of tropical Africa and America. Eobrycon 
Jordan and Lignobrycon Eigenmann and Myers occurring in a lignite at 
Taubat6, San Paulo, Brazil. Myletes Cuvier, in the Tertiary of Iquitos, 
Loreto, Peru. 

Characilepis Cockerell. Scales from Miocene of Huacho, Peru. 


Family 2. Oyprinidae. (.’arps, etc. 


Freshwater fishes with cycloid scales. Premaxilla excluding nmxilla from upper 
margin of mouth ; barbels present or absent. Mouth toothless, but lower pharyngeals 
falciform ami bearing one to three rows of hollow prtdi-ensile teeth. Usually only three 
hranchiosfegal rays. Tertiary and Recent. 


The Cyprinoids are numerous in the fresh waters of the Old World and 
North America, but do not occur in South America. Most of the known 
fossil species, all from fresh- 
water formations, belong 
to the existing genera Leu- 
ciscus Klein ^ (Fig. 244), 

Tinca>, Gobio, Barlms Cuv., 

Rhodeus, Aspius Ag. (Fig. 

245), Cyprinus, Cobitis (Ar- 
tedi) Linn., Nemachilus 
Cuv., Thynuichthys Bleeker, 
etc. Blicca Heckel is per- 
haps represented by a frag- 
ment from the Lower Eocene 
of Croydon, Surrey. The 
only extinct genera, such 
as Amyzon, Diastkhus, Oligobelus Cope, Mylocyprinus Leidy, Daurdchthys Annan- 



Fig. 244. 

Scales of lAuei^cus wningeiKis Afj. 
Upper Miocene; Oeningon, Bacloii. 
Enlarged (after Winkler). 


Pig. 245. 


Pharyngeal bones 
tee til of Aspius rapax 
Recent (after Heckel 
Kner). 


anil 

Ag, 

and 


* Bolkay, iSf. ,/., Novitates Musei Sarajevoensia, no. 3, 1925, 

* Eigenmann, C. H., and Myers, H. S., TIio Fossil Characins. Mem. Mus. Comp. Zool. 
Harvard, vol. xUii., p. 512, 1929. 

® JRoyo y G6mez^ Los Peces fdsiles de los Aljezares do Teruel. R. Soc. Espan. Hist. Nat., 
vol. of 60tb anniv., p. 19, 1921. 
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dale and Hora,^ and others are closely related to existing forms. Capitodus 
and Soricidens Munster are names given to pharyngeal teeth from the Middle 
Miocene of Vienna. 

Family 3. Siluridae.^ (Nematognathi.) Oat- fishes. 

Scaleless fishes, naked or armoured with bony plates. Premaxilla excluding 
maxilla from upper margin of mouth, the rudimentary maxilla usually supporting a 
barbel. Subopercidum absent. Postckithral plates present. Anterior pectoral fin ray 
usually a strong bony spine. Eocene to Recent. 

The Siluroids form a very numerous family of freshwater fishes, ranging 
over all temperate and tropical regions, and a few sometimes passing into the 
sea round the coasts. Fossil remains are rare, and represent fishes closely 
resembling those still surviving. The oldest known fragment is a portion of 
head {Bucklandium diluvii Konig) from the London Clay of Sheppcy. Typical 
remains of Arins occur in the Middle and Upper Eocene of the Hampshire 
Basin, Belgium, Egypt, and Nigeria. Skulls of Vhryskhthys are known from 
the Middle Eocene of Araeki, Nigeria. Other genera are recorded from the 
Eocene of Wyoming, U.S.A. [llhineasies Coi)e) and Egypt [Fajuinia, Socnopaea 
Stromer; Ariopds Peyer), the Lower Pliocene of the Siwalik Hills, India, 
and Tertiary Lignites near Padang, Sumatra, and Taubate, San Paulo, Brazil. 
Corydoras is found in the Upper Tertiary of Sunchal, Jujuy, Argentina 
(Cockerell, Science, vol. Ixii., p. 397, 1925). Silurus occurs in the Pliocene 
and Pleistocene of Hungary. Numerous fragments in the late Tertiary 
formations of Africa and South America. 

Order 3. HAPLOMI. 

As Isospondyli, but no precoracoid arch (or mesocoracoid) in the pectoral arch. 

Family 1. Dercetidae. {Iloplophuridae Pic.tet p.p.) 

Eel-shaped fishes with pectoral and pelvic fins, a more or less extended dorsal fin, 
and separate anal and caudal fins. Parietal bones large and in contact mesially ; 
premaxilla forming margin of upper jaw. Vertebral centra as delicate cylinders, with 
parapophyses bearing the ribs. No overlapping settles ; but paired longihidmal series 
of bony scutes. Cretaceous. 

Dercetis Agassiz. Snout elongated and pointed ; teeth minute and 
clustered. Dorsal fin occupying greater part of back, and pelvic fins inserted 
opposite to it ; anal fin short, opposite hinder end of dorsal ; caudal fin forked. 
Dermal scutes more or less angulated and ornamented with tubercles or spines ; 
two dorsal series, two ventral series, and a paired series supporting the lateral 
line. D. scutatus Ag. Upper Cretaceous ; Westphalia. D. maximus A. S. 
Woodw. Upper Chalk ; Grays, Essex. 

^ Annandale, N., and Hora, S. L., Freshwater Fish from the Oil Measures of the Dawna 
Hills. Bee. Geol. Surv. India, vol. Ivi. , p. 204, 1925. 

* Leiderfrost, J., Die fossilen Siluriden Uiigarns. Mitt. Jahrh. k. ung. Geol. Anst., vol. xxiv., 
p. 117, 1925. — Neuinayer, L., Zur vergleichendeii Anatomic dea Schmlels eocauer uiid rezenter 
Siluriden. Palaeontogr.. vol. lix., p. 251, 1912. — Peyer, B., Die Welse des agyptischen Alttertiars 
nebst einer kritischen Ubersicht iiber alle fossilen Welse. Abhandl. Bay. Akad. Wise., matli.- 
naturwiss. Abt,, n.s., vol. xxxii., no. 3, 1928. — Priem, F., M<'‘m. Soc. Geol. France, Palcont. no. 
49, 1914. — Stramer, B., Nematognathi aus dem Fajhm und dem Natrontale. Neues Jahrh. f. 
Min., etc., 1904, vol. i,, p. 1. 
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Leptotrachelus W. v. d. Marck {Triaemspis Cope). As Dercetis, but dorsal 
fin not occupying more than middle third of back, and anal fin behind it. 
L. triqmter Piet. sp. and other species from the Cretaceous of the Lebanon, 
Westphalia, and South Dakota, U.S.A. L. elongatus Ag. sp., from English 
Chalk. A swallowed fish in a distended stomach is seen in some specimens 
from the Lebanon. 

Pelargorhynchus v. d. Marck. With small scales between the scutes. 
Upper Cretaceous ; Westphalia. 

Stratodus Cope. Premaxilla short, with several rows of teeth ; palatine 
and mandibular teeth large, numerous, in several rows, all with pulj) cavity. 
Upper Cretaceous ; Kansas. 

To the existing Stomiatidae of the genera Gonosioma Rafinesque and 
Fhotichthys Hutton, Arambourg refers some species from the Miocene of 
Licata, Sicily, and Oi’an, Algeria. Tomognaihm Dixon, with much extended 
dorsal fin, from the English Chalk, seems to be related to the same family. 

Family 2. Halosauridae. 

Eel-shapeAl fishes mih pectoral ami pelvic fins, a short dorsal fin, an extended anul 
Jin usually conjinent with the diminutive caudal, and both head and trunk covered with 
cycloid scales. Margin of upper jaw fimned hy both premaxilla and maxilla. Verte- 
bral centra as delicate, cylinders. Lateral line with luminous organs along the ventral 
border of the flank. Upper Cretaceous to Recent. 

llalosauriis Johnson, living at great depths in the ocean. Echidnocephalus 
W. von der Marck, ^ an almost identical genus from the Upper Cretaceous of 
Sendenhorst, Westphalia. 

Enchelurus v. d. Marck. With separate caudal fin. E. rillosus v. d. 
Marck. Upper Cretaceous ; Westphalia. Other species from Upper 
Cretaceous of Mt. Lebanon and England. 

Family 3. Notacanthidae. 

Eel-shaped fishes with or without a diminutive caudal fin. Premaxilla forming 
margin of upper Jaw. Parietal hours partly in contact mesially. Pectoral arch 
connected with skull by ligament ; pelvic fins far hack ; dorsal fin rudimentary, much 
extended, usually with widely spaced undivided rays. Cretaceous to Recent. 

Promtacanthus A. S. Woodw. With dorsal fin supports but no rays. 
Upper Cretaceous ; Sahel Alma, Mount Lebanon. 

Notacanthus Bloch. In existing deep sea. 

Family 4. Bnohodontidae. (Hoplopleuridae Pictet p.p.) 

Rapacious fishes with more or less fusiform trunk. Parietal hones very small, 
separated hy the supraoccipital ; delicate premaxilla extended and nearly excluding the 
rod-like maxilla from the margin of the upper jaw, lohich bears small teeth; powerful 
teeth fused with the palato-pterygoid and dentary hones. Vertebral centra robust, 
none with parapaphyses. A small adipose fin probably present behind the single dorsal 
fin. A median series of dorsal bony scutes, and often a paired series of similar 
scutes supporting the lateral line ; scales very small or abseni. Cretaceous. 

' Woodward, A. S., Proc. Zool. Soc., 1897, p. 268. 
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UncJiod^s Ag. {Enrygrmthus Davis; IschyrocephaUis v. d. Marck ; Solenodon, 
Holcodon Kramb.) (Fig. 246). The largest and longest tooth at the anterior 
end of the palatine ; large teeth of dentary spaced, increasing in length to 
the symphysis. External bones more or less tuberculatcd. Three or four 
oval median scutes between the occiput and dorsal fin ; an adipose dorsal on 



Fio. 24<}. 

Imperfpct deiitary bone of Knrhodus lewesienHs Mant. sp. Lower Chalk ; Lenes. 

Nat. size (after Aj'assiz). 

the tail ; caudal fin forked. No postcleithral plate; no scutes along course 
of lateral line, but a recurved booklet on each side of the caudal pedicle. 
E. lewesiensis Mant. sp., from the Chalk of S.-E. England. Well-preserved 
skeletons of other species in the Cretaceous of Westphalia, Istria, and 
the Lebanon. Fragments in the Upper Cretaceous of North and South 
America, and Maastricht Beds, Holland. 

Falaeoh/cus W. von der Marck. As Enchodus^ but dorsal opposed to 
extended anal fin, not in advance. }\ dreghiensis v. d. M., from Upper 
Cretaceous, Westphalia. 

Eurypholis Pictet (Fig. 247). As Enehodu,% but a large postcleithral 
plate, and well-developed scutes along the course of the lateral line. E, 



Fio. 247. 


Eurypholis hoissieri Pictet. Restoration by A. 8. Woodward, about Va Upper Cretaceous; 

Hakel, Mount Lebanon, ag, ari;;ular ; <»), circumorbiUilH : d, <lentary ; da, dorsal scutes ; iitx, maxilla ; o/j, 
operculum; orh, orbit; pci, pastclrithrui plate; p?, pehic tlnsupport; piwr, pieii axilla; pop, preoperculum ; 
so, suborbitals ; mp, sulK)peic!ulum. 

hoissieri Pictet (Fig. 247), from Upper Cretaceous of Hakel and Hajula, 
Mount Lebanon. 

Saurorharnphus Ileckel.^ As Eurypholis^ but more elongated, with lender 
snout, and more remote dorsal fin. S, freyeri Heck. Neocomian ; Comen, 
Istria. 

Cimolichthys Leidy {Plinthophorus Gunther; Empo Cope). Largest teeth 
in middle of palato-pterygoid arcade semi-barbed at apex. Clustered teeth 
in mandible, with simply pointed larger teeth at intervals. C, lewesiensis 
Leidy, from Chalk of S.-E. England. C. nepaeolica Cope sp. and other 
species in Niobrara Cretaceous of Kansas, U,S.A. 

^ jyErasrnOf O., Boll. Soc. Adriatica Sci. Nat., Tiieste, vol. xxvi., p. 45, 1912. 
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Prionolepis Egert. spidopleurus Piet, and Hurab. ; Apateopholis A. S. 
Woodw.); LeptecodonV^ iWhtory. Upper Cretaceous. 

Halec Ag. {Pomognathvs Dixon ; Archaeogadus v. d. Marck ; Phylactocephalus 
Davis). Premaxilla very slender, with minute teeth ; maxilla equally 
slender, with a few relatively large spaced teeth at its hinder end. Palato- 
pterygoid teeth closely arranged, laterally compressed cones, largest in the 
middle of the arcade. No dermal scutes, except a pair of recurved booklets 
on the caudal pedicle. II, eupterygius Dixon sp., well preserved in Lower 
Chalk, S.-E. England. //. sternhergi Ag., in Turonian, Bohemia. H, microlepis 
Davis sp., showing minute quadrangular scales, in Upper Cretaceous, Hakel and 
Hajula, Mount Lebanon. Other species in Cretaceous, Isle of Lesina, Dalmatia. 

Ilalerodon Cockerell. Cretaceous ; Wyoming, U.S.A. 

Apateodus A. S. Woodw. Premaxilla and maxilla very slender. Palatine 
elongated atid pointed in front ; large laterally compressed teeth largest in 
middle of palato-pterygoid arcade ; small recurved teeth in front of mandible. 
A, striatus A. S. Woodw. English Chalk. A, corneii Forir sp.,^ from Senonian, 
Limburg. 

1 Pantopliolis Davis. Upper Cretaceous ; Sahel Alma, Mount Lebanon. 

Family 5. Soopelidae. (Myctophidae.) 

Premazilla much extended, excluding maxilla from upper margin of mouth. 
Skull and skeleton as in Enchodontidae. A small adipose fin helimd the dorsal fin. 
No air bladder. Trunk naked or scaly, without bony scutes. Cretaceous to 
Recent. 

Exclusively marine fishes, for the most part pelagic or deep-sea forms. 

Sardinioides v. d. Marck (Fig. 248). Teeth minute ; maxilla expanded 
behind. Dorsal fin median ; pectoral fins small ; caudal fin slightly forked. 



Pm. 248. 

Sa/rdinioides Ttvoruiiteri Ag. sp. Uppor Cretaceous ; Sendonhorst, Westphalia. V 2 


Scales large, serrated at the hinder border. S. monasteri Ag. sp. (Fig. 248), 
from Upper Cretaceous, Sendenhorst, Westphalia. Other species from 
Mount Lebanon and England. 

Leptosomus v. d. Marck. Relatively small species, as Sardinioides but 
paired fins nearly equal in size and scales cycloid. Upper Cretaceous ; West- 
phalia and Mount Lebanon. 

* Kruizinga, P., Proc. E. Acad. Sci. Amsterdam, vol. xxvii., p. 293, 1924. 
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Sardinius v. d. Marck. Upper Cretaceous ; Westphalia. Acrognathus Ag, 
Upper Cretaceous ; England and Mount Lebanon. Opisthopteryx Pictet and 
Humb. Upper Cretaceous ; Mount Lebanon. 

Nematonotus A. S. Woodw. One dorsal and one pectoral fin ray elongated 
and tactile. Upper Cretaceous ; Hakel and Hajula, Mount Lebanon. 

Microcoelia v. d. Marck. Back between occiput and dorsal fin with small 
thickened ridge scales. Upper Cretaceous; Westphalia and Mount Lebanon. 

Dactylopogon v. d. Marck. First ray of pectoral fins elongated and tactile. 
D, grandis v. d. M. Upper Cretaceous ; Sendenhorst, Westphalia. 

Rhinellus Ag. {Ichthyotringa Cope) (Fig. 249). Slender fishes with very 
large pectoral fins, and the premaxillae produced forwards into a long pointed 



Pio. 240. 

Rhinellus furcatus Ag. Upper Cretaceous; Sendenhorat, Westphalia (after W. v. d. Marck). 


rostrum. Teeth slender and pointed. Dorsal fin small, in advance of the 
still smaller anal fin ; caudal fin forked. Scales smooth, slightly enlarged 
along the course of the lateral line. Upper Cretaceous ; Westphalia, Mount 
Lebanon, and South Dakota. ^ 

Scopeloides Wettstein. Oligocene ; Canton Glams. 

Parascopelus Sauvage ; Paralepis^ Scopelus Cuvier {Myciophum Kafinesque) ; 
Swlis Raf. Miocene ; Licata, Sicily ; Gabbro, Leghorn ; and Oran, Algeria. 

? Holosteus Ag. Upper Eocene : Monte Bolca, Verona. 

Family 6. Q-onorhynchidae.^ 

Premaxilla smaller than maxilla, hut excluding latter frmn margin of upper jaw. 
No adipose dorsal fin. No air bladder. Scales deeply overlapping, fringed behind 
with short spines. Cretaceous to Recent. 

Charitosomus W. v. d. Marck {Solenognathus Piet, and Humb.). Scales not 
covering head. Upper Cretaceous ; Westphalia and Mount Lebanon. 

Gonorhynchops Cockerell. Scale from English Chalk. 

Notogoneus Cope (Sphenolepis Ag. ; Protocatostomus Whitfield). Scales 
covering head. Freshwater Eocene (Green River Shales) ; Wyoming, U.S.A. 
Upper Eocene and Oligocene ; France and Germany. 

OoTwrhynchus Gronov. Existing in seas off Japan, S. Africa, Australia, 
and New Zealand. 

^ Woodward, A, S., Extinct Pishes of the Teleostean family Oonorhynckidae, Proc. Zool, 
Soc., 1896, p. 500. 
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Family 7. Ohirothnoidae.^ 

Scopeloids with one pair of fins much enlarged, and pelvic fins far forwards. 
Abdominal vertebrae with parapophyses. Cretaceous. 

Chirothrix Pictet and Humbert {Megapus Schliiter ; Megistopus Landois). 
Branchiostegal rays very large, eight or nine in number. Pectoral fins compara- 
tively small and delicate, with only one ray considerably elongated ; the enlarged 
pelvic fins close to the pectorals, with about seventeen rays ; dorsal fin deep, 
arising immediately behind the head ; anal fin small ; caudal fin forked. C, 
libanicMS P. and H., from Upper Cretaceous, Mount Lebanon. C, guestphalicus 
Schliiter sp., from Westphalia. 

Telepholis v. d. Marck. Upper Cretaceous ; Westphalia and Mount 
Lebanon. 

Exocoetoides Davis. Upper Cretaceous ; Mount Lebanon. 

Family 8. Esocidae. Pikes. 

Trunk elongated, with large cycloid scales. Premaxilla and maxilla entering 
upper border of mouth. Premaxilla, mandible, j^O'laiine, and vomer with stout, 
pointed teeth ; maxilla toothless. Dorsal fin remote. Upper Oligocene to Kecent. 

Fine specimens referable to the existing genus Esox Linn, occur at 
Oen ingen and in other Miocene freshwater formations in Flurope. Also 
Upper Oligocene Lignite of Kott, near Bonn. 

Family 9. Oyprinodontidae.^ Toothed carps. 

Small freshwater fishes with cycloid scales. Premaxilla excluding maxilla from 
upper margin of mouth ; no barbels. Margin of jaws and pharyngeal bones with 
pointed teeth. No anterior vertebrae fused. No 
adipose dorsal fin. Tertiary and Recent. 

Of the genera of this family, Prolebias Sauvage 
(Fig. 250), allied to Lebias Cuv., is remarkably 
common in the Oligocene and Miocene of Europe. 

F. cephalotes Ag. sp. occurs in shoals in the Lower 
Oligocene of Aix-en-Provence. 

Pachylebias A. S. Woodw. (Aelia, Physocephalus Costa). Upper Miocene ; 
Italy, Sicily, and Crete. 

Brachylebias Priem. Miocene ; Lake Urmiah, Persia. 

Gephyrura Cope. Lower Tertiary ; Ree Hills, S. Dakota. 

Parafundulus Eastman. Pleistocene (Lahontan Beds) ; Hazen, Nevada, 

U.S.A. 

Carinonellus White. Lower Tertiary ; Loja, Ecuador. 

Order 4. APODBS. Eels. 

Body much elongated, cylindrical or ribbon-shaped. Premaxillae absent or fused 
with ethmoid and vomer ; upper jaw fo'iirned laterally by the toothed maxilla. Dorsal 

^ Landois, Die Faniilie Megistopodes. Neiies Jahrb. f. Min., etc., 1894, vol, ii., p. 228. 

® White, E, /., Fossil Cyprinodont from Ecuador. Ann. Mag. Nat. Hist. [9], vol. xx., p. 619, 
1927. 



Fig. 250. 
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jin much extended.^ often meeting the anal round the tail Pectoral arch not sus- 
pended from the cranium. Skin naked^ or with small rudimentary^ cycloid scales. 

Family 1. Urenohelyidae. 

Caudal fin separate ; one or both pairs of fins. Upper Cretaceous. 

Urenchelys A. S. Woodw. Without pelvic fins. Caudal fin rounded. 
Upper Cretaceous ; Mount Lebanon, Sweden, and English Chalk. 

Arujuillams Hay. With very small pelvic fins. U})per Cretaceous ; 
Hajiila, Mount Lebanon. 

The existing Anguillichthys Mowbray (Bull. Bingham Oceanographic 
Collection, vol. i., art. 1, p. 10, 1927), belonging to a distinct family, has a 
slightly forked caudal fin and comparatively short median fins, probably a 
secondary adaptation to oceanic life. 

Family 2. Anguillidae. 

Caudal fin absent or confluent with dorsal and anal fins. No pelvic fins. 
Tertiary and Recent. 

Mylmnyrus A. S. Woodw. A primitive eel with large crushing teeth, large 
supracleithrum, well-developed hypural bones, and extensive squamation. 
M. frangens A. S. W. Eocene of Egypt. 

Rhynchorhimhs A. S. Woodw. Lower Eocene (London Clay); Sheppey. 

Eomyrus Storms. Middle Eocene ; Belgium. Upper Eocene ; Monte Bolca. 

Nemichthys Richardson. ? N. mecquenemi Priem. Eocene ; Persia. 

Paranguilla Bleeker {Enchelyopus Ag.). Upper Eocene ; Monte Bolcta. 

Anguilla Shaw ; Netta stoma Rafinesque. Also supposed to occur in Upper 
Eocene of Monte Bolca. 

Mastygocercus de Beaufort. Miocene ; South Celebes. 

Species of existing genera from freshwater Oligocene of Aix en-Provence, 
and Upper Miocene, Oeningen. 

B. PHYSOCLYSTI. 

Air bladdei', when present, not connected by a tube with the oesophagus in the 
adult {except in certain Berycidae). 

Order 6. PBRCBSOCES. 

As Haplomi, but physoclystous and the dorsal fin often with a spinous portion m 
front. Pelvic fins always abdominal. 

Family 1. Scombresocidae. 

Premaxilla and maxilla forming rmrgin of upper jaw. Lower pharyngeal 
hones united. Pectoral fins sometimes mueh enlarged, wingdike ; pelvic fins withmt 
spine ; dorsal fin remote, opposite the anal fin; all fin rays articulated and flexible. 
Scales cycloid. Miocene to Recent. 

Extinct species of Belone Cuv. and Scombresox Lac^p. are known from the 
Miocene of Europe and Algeria. 

CohUopsis Pomel. Freshwater Oligocene j Puy-de-D6me, France. 
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Family 2. Atherinidae. 

Premixilla excluding maxilla from margin of upper jaw. Dentition feehle. 
Lower pharyngeal hones separate. Pelmc fins with moe spine and five divided rays ; 
a separate anterior spinous dorsal fin. Eocene to Recent. 

Atherina Linn. Extinct species from Upper Eocene of Monte Bolca, 
Italy, and Gard, ranee, and from Upper Miocene of Dolje, Croatia. 
Ahamphognathus Ag. (Mesogaster Ag.). Upper Eocene ; Monte Bolca. 

P’ainily 3. Mugilidae. 

As Atherinidae hut with mouth jrrotracMle and pelvie fins further forwards. 
Oligocene to Recent. 

Mugil Linn. Extinct species in Oligocene of Aix-en-Provence and Miocene 
of Croatia and Algeria. 


Family 4. Sph 3 rraenidae. 

Premaxilla excluding maxilla from margin of upper jaw ; mouth large, with 
large pointed teeth in sockets. Fins as in Atherinidae. Eocene to Recent. 

Sphyraena Artedi. Extinct species in Upper Eocene, Monte Bolca ; 
Oligocene, Austria ; and Miocene, Italy, Croatia, and South Celebes. Teeth 
in other Tertiary formations in Europe, Egypt, Nigeria, and America. 


Order 6, HBMIBRANCHII. 

Anterior vertebrae modified or coalesced. Branchial arches more or less reduced. 
Pelvic fins usually abdominal ; dorsal fin sometimes with a spinous portion in front. 

The most generalised family Gasterosteidae (Sticklebacks) is not represented 
among fossils, except in the Pleistocene of North America. 

Family 1. Aulorhynchidae. 

Elongated marine fishes, with elongated tube-shaped snout and remote dorsal fin. 
Anterior vertebrae slightly elongated. Pelvic ami aruil fins with a spine; free dorsal 
fin spines. Hows of small bony dermal plates. Eocene to Recent. 

Protauhpsis A. S. Woodw. Upper Eocene ; Monte Bolca. 

Aulorhynchus Gill (Protosyngnathus W. v. d. Marck). Recent in Pacific 
Ocean. A. sumatrensis v. d. Marck sp. Tertiary ; Padang, Sumatra. 

Family 2. Aulostoznidae. Flute-mouths. 

Elongated marine fishes, with elongated tube-shaped snout and remote dorsal fin. 
Occiput movably articulated with the vertebral column, of which the first four vertebrae 
are elongated and fused together ; teeth small. Spines little developed. Pelvic fins 
abdominal or thoracic. Scales small or absent. Eocene to Recent. 

Fistularia Linn., and Aulostoma Lac^p., and the extinct genus Urosphen Ag., 
occur in the Upper Eocene of Monte Bolca. Autostoma media Weiler, in the 



166 


PISCES 


CLASS I 


Oligocene, Mainz. Fistularia koenigi Ag., in the Oligocene, Glariis, Switzerland; 
other species in Miocene of Licata, Sicily, and Gabbro, Leghorn, 

Family 3. Oentriscidae. 

Trunk laterally compressed^ irregularly oblong or deepened ; snout elongated and 
tube-shaped. Some anterior vertebrae elongated, Felvic and anal fiyis mthout spine ; 
dorsal Jin with few spines, ane being ejrcessively enlarged. Scales usmlly present, 
and bony scutes dorsally and usually ventralhj. Eocene to Recent. 

Centriscus Linn. Recent. Perhaps spines in Lower Pliocene of Orciano, 

Tuscany. 

Jihamplwsus Ag. Bony plates dor- 
sally, not ventrally, and flanks covered 
with small scales. Upper Eocene ; 
xi,.. -ui. Monte Bolca. 

AmpliUfyU heinrichsi Heokel. Lower Oligocene; jdmphisyle (Klein) CuV. ig* 251). 
Krakowb^, Carimthians. Nat. size (after iieckei). Recent ill Indian and Pacitic Oceans. 

Fossil in the Oligocene Menilite shales 
of Galicia, Vienna basin, Alsace, Mainz, and Switzerland. 



Families 4, 5. Solenostomidae and Syngnathidae. Pipe-fishes, etc. 

Gills arranged in tufts on the bratichial arches and protected by an operculum, 
SnoiU with tubular extension, and jaws toothless. Pelvic fins, often also the anal 
and caudal fins, wanting. Skin awioured with thin bony plates. Eocene to 
Recent. 


Only very few fossil representatives of these two families are known. 
The elongated Solenostomidae, in which all the fins are developed, have an 
Eocene forerunner in the genus Solenorhynchus Heckel from Monte Postale. 
Extinct species of Siphonostoma, which is still common in the Mediterranean, 
also occur in the Miocene of Licata, Sicily (Fig. 252), and of Tuscany. 






Fio. 252. 

Siphon osknm cUhyi Sauvage. Miocene ; Licata, Sicily (after Sauvage). 


Several Tertiary forms of Syngnathidae are known ; Syngnathus, Pseudosyn- 
gnathus, and an extinct genus Calamostoma Ag., occur in the Eocene. 
Calamostoma is related to Hippocampus Raf., but has a caudal fin. 


Order 7. ANACANTHINI. 

Parietal hones separated by supraoccipital. Air bladder present. All fin rays 
flexible and articulated, Pdvic fins jugular or thoracic, usually with mm'e than 
six rays ; pelvic bones not in direct contact with pectoral arch. No homocercal caudal 
fin, but hindmost vertebrae progressively smaller. 

Family 1. Ghadidae. Cod-fishes. 

Elongated fishes with broad head, and the toothed premaxilla excluding the 
maxilla from the upper margin of the mouth. Pelvic fins jugular. Dorsal fin 
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extending almost the whole length of the hack^ sometimes subdivided into two or three 
parts ; anal fin much extended, sometimes divided into two. Scales small and smooth. 
Eocene to Recent. 

Fossil representatives of this family are rare. An extinct genus, 
Nemopteryx Ag. (Palaeobrosmius, Palaeogadus vom Rath) occurs in the Oligocene 



Fni. 253. 

Merlucaius emarginatun Kok«n. Otc^lithn, four (^1) and throe (It) times nat. siiso. 
Upper Oligocene ; Germany (after Koken). 


Gadus, Bregmaceros 
from the Miocene 


slates of Canton Glarus. Remains of Phycis, Strinsia, 

(Podopieryx Sauvage), and Brosmius have been described 
of Hungary, Croatia, Sicily, and Algeria. Small fishes 
ascribed to Gadns are found in nodules in the Glacial 
clay, Bindalen, Norway. Numerous otoliths (e.g. Fig. 

253) occur in various Tertiary formations, including 
the Pliocene Crags of East Anglia. Undetermined skulls 
are known from the London Clay of Shepjiey. 

Otoliths apparently referable to genera of the allied 
family Macruiidae (Fig. 254) occur in Oligocene and later 
Tertiary formations. Trichiurichthys Sauvage, from the 
Miocene of Licata, Sicily, may also be Macrurid. 

Otoliths of Ophidiidae occur in the Upper Eocene of 
Barton, Hampshire {Neobythites Goode and Bean and Fierasfer Cuvier), and 
in the Oligocene of Germany. 



Fro. 264. 

Macrurus sp. Otolith, 
twice nat. size. Pliocene ; 
Orciario, near Pisa. 


Order 8. HBTBROSOMATA. 

Skull asymmetrical in adult, with both eyes on one side of head. Parietal hones 
separated by supraoccipital. Air bladder absent in adult. Spinous fin rays usually 
absent. Pelvic fins jugular or thoracic, with six or fewer rays ; pelvic bones in 
direct contact with pectoral arch. Caudal region relatively long, with homocercal fin. 

Family 1. Pleuroneotidae. Flat-fishes. 

Disc-shaped fishes, much laterally compressed a'nd asymmetrical, resting on one 
side. Dorsal and anal fins extending almost the whole length of the trunk. Pelvic 
fins jugular, in front of the pectorals. Scales, when present, minute and ctenoid ; 
upper side of body coloured, lower side colourless. Eocene to Recent. 

The flat-fishes are very numerous in the existing fauna, living on sandy 
coasts, and some of them entering the mouths of rivers. They are rare 
among fossils. 

Eobothus Eastman. As Rhombus Cuv. {^Bothus Rafin.), but with fewer 
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vertebrae. One small species, E. minimus Ag. sp., in the Upper Eocene of 
Monte Bolca. Perhaps also in Oligocene of Roumania. 

Bolea Cuv. is known from 
the Eocene of Egypt {S, 
(ocenica A. S. Woodw.) and 
the Lower Miocene of Wiir- 
temberg (Fig. 255) and Fri- 
bourg, Switzerland (S. liel- 
vetica Leriche). Also from 
the Miocene of Oran, Algeria, 
and Gabbro, Leghorn. 

Numerous otoliths have 
been described from Tertiary 
formations. 

Sicily ; Gabbro, Leghorn ; and 



Fig. 256. 

Soha Hrchhergana II. v. Meyer. Lower Miocene ; Uiiterkirchberg, 
near Ulm. Nut. size. 


Microchirus Bonap. Miocene ; Licata, 

Oran, Algeria. 

Acliims Lacep. Miocene ; Oran, Algeria. Itecent. 
Citharichthf/s Bleeker. Miocene ; Oran, Algeria. Recent. 
Otoliths probably of other genera from Eocene onw^ards. 


Order 9. ACANTHOPTBRYail. 

Parietal hones separated hy supraoccipital ; squamosal rudimeniary and fused 
with the large pterotic ; premaxilla excluding maxilla from upper border of mouth 
No precoracoid arch Pectoral fin with not more than four or Jive hasals ; pelvic 
fins far forwardsy the pelvic bones in contact with pectoral arch Some of the rays 
of the pelvic and median jins spinous, not articulated. 

In the existing fauna the Acanthopterygii form by far the most numerous 
group of fishes. 


Tribe 1, BERYCIFORMES. 

Pelvic fins thoracic, usually with more than five articulated rays in addition to 
the spine. 

Family 1. Berycidae. 

Trunk short, compressed, and rather deep, with ctenoid or cycloid scales, rarely 
naked. Head bones ridged to form large mucus-cavities ; orbits large and lateral; 
mouth usually oblique, the jaws, and generally also the palate, with small pointed 
teeth Operculum more or less serrated or ridged. Vertebrae 24. Upper Cretaceous 
to Recent. 

The living Berycidae are marine fishes, most of them inhabiting consider- 
able depths. 

Hoplopteryx Ag. (Fig. 256). Head short. Dorsal fin deep, with a few 
spaced stout spines in front ; anal fin with four or five spines. Scales large 
and ctenoid. Common in the Upper Cretaceous, and surviving in the seas 
off South Australia and New Zealand. H, zippei Ag. sp., from the Chalk 
Marl (Planer) of Bohemia, H. lewesiensis Mant. sp., from the English Chalk, 
and other species originally referred to Beryx. 

Sphenocephalus Ag. Upper Cretaceous ; Westphalia, Pycnosterinx Heckel 
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{Imogaster Costa) and Dinopteryx A. S. Woodw. Upi)er Cretaceous ; Mount 
Lebanon. 

Acrogaster A^. {Acanthophoria Kramberger). Upper Cretaceous ; West- 
phalia and Mount Lebanon. 

IJomonotus Dixon; Trachyichthyoides A. S. Woodw.; Caproheryx Regan. 
English Chalk. 

Kansius Hussakof.^ Upper Cretaceous (Niobrara Croup) ; Kansas. 



Fig. 256. 

Jlojilopteryx zippei Agassiz sp. Upper Cretaceous (I.ower Pliiner) ; Wehlowitz, Uobeinia. 
1/;} iittt. size (after Fritscli). 


Microcenirum Arambourg. M. melitense A. S. Woodw. sp.^ Miocene ; 
Malta, and Oran, Algeria. 

The two surviving genera, Holocentrum and Myripristis Cuv., are repre- 
sented by extinct species in the Upper Eocene of Monte Bolca. 

? Holocentroidse Pauca. Oligocene ; Koumania. 

Family 2. Polymixiidae. 

As Berycidae, hut with more numerous vertebrae (28-34) and last two centra 
upturned in tail. Upper Cretaceous to Recent. 

Platycormus W. von der March. Deep bodied with 14 abdominal, 20 
caudal vertebrae. Dorsal and anal fins extended, acuminate in front, wdth 
anterior spines pressed together. Scales ctenoid, extending over head and 
base of median fins. F. germanus Ag. sp., from Upper Cretaceous, Westphalia. 

Omosoma Costa. Upper Cretaceous ; Mount Lebanon. 

Berycopsis Dixon. Scales rugose, scarcely ctenoid. B, elegans Dixon, 
English Chalk. 

Family 3. Zeidae. 

Anal jin spines separoie from the jin, Oligocene to Recent. 

Species from the Upper Oligocene of Steiermark and the Miocene of 
Oran, Algeria, have been referred to the existing genus Zeus Linn. Cyttoides 

^ Uussakofi X., Arner. Mus. Novit., no. 367, 1929. 

2 Basaani, F., Atti li. Accad. Sci. Napoli [2], vol. xv., no. 1, 1911 . — Arambourg y C., Les 
Poissons foasiles d'Oran, 1927. 
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Wottstein, from the Oligocene of Canton Glarus, seems to be related to Cyttus 
Gunther. Froaniigonia Kramberger {Metoponichthys Kramb.), from the Upper 
Miocene, Croatia, may be identical with Capros Lac^p., which is recorded from 
the Oligocene of Florsheim, Mainz, and the Miocene of Oran, Algeria, and 
Gabbro, Leghorn. 


Family 4. Aphredoderidae. 

Fremaxillae not protractile. Vent far forwards. No distinct lateral line. 
Vertebrae 30. Eocene to Kecent. 

American freshwater fishes. 

Amphiplaga^ Asineops, Erisrnatopterus Cope. Eocene (Green Eiver Shales) ; 
Wyoming, U.S.A. 

Trichophanes Cope. Oligocene ; Colorado and Nevada, U.S.A. 

Tribe 2. FEECIFOBMES. 

Pelvic fins thoracic, with not more than five articulated rays in addition to the 
spine. Mouth usually p'otractile. 


Family 1. Peroidae. Perches. 


Trunk elongated, with ctenoid scales, Premaxilla, mandible, vomer, and palatine 
with pointed teeth ; six or seven hranchiostegal rays. One or two dorsal fins, the 
foremost part with long spines, Cretaceous to Kecent. 


The perches 
and freshwaters. 


are predaceous fishes of the tropical and temperate seas 
Numerous fossil representatives occur in the Tertiary 
formations of Europe and North America. 
Some belong to extinct genera, such as Para- 
perca Sauvage, Properca Sauvage, Smerdis Ag. 
(Fig. 257), Acanus Ag., Cyclopoma Ag., Platylates 
Storms, Cristigerina Leriche, and Mioplosus Cope. 
Others have been referred to the existing genera 
Perca, Serranus, Pelates, JJules, Gerres, Niphon, 
Lahrax, hates Guv., Apogon Lac6p., and Per- 
cichthys Girard. 

Centrarchites Cockerell. Scales from Eocene of Walden, Colorado, U.S.A. 
Prelates Priem (Pseudolates Priem nec Macleay). P. heherti Gerv. sp. 
Upper Cretaceous (Montian) ; Marne, France. 

Eoserranus A. S. Woodw. Lameta Beds j Central Provinces, India. 



Fio. 2&7. 

Smerdis minntus Ag. Oligocene ; Aix-en- 
I*rovence. Kat. Hize. 


Family 2. Oarangridae. Horse-mackerels. 

Trunk laterally compressed, deep or elongated, naked or with small scales. Teeth 
conical. Spinous portion of the dorsal fin feeble and shorter than the soft portion / 
pelvic fins sometimes rudimentary or absent ; caudal pedicle constricted. Cretaceous 
or Eocene to Kecent. 

Marine predaceous fishes of the tropical and temperate zones, common in 
Tertiary formations. 

Aipichthys Steindachner. Trunk deep and laterally compressed ; extended 



Fio. 269. 

jflioTJwnioOTts Ag. Uppdr Eocene ; Moute Bolca. % nst. size (after Agassiz). 
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dorsal fin deep and pointed in front; anal less extended; caudal forked. 
Thickened ventral ridge scales. A. preiiosus Steind. Cretaceous ; Istria and 
Dalmatia. Other species in Upper Cretaceous, Mount Lebanon and England. 

Bathysoma Davis. Upper Chalk ; S. Sweden. 

Platax Cuv. Fossil in the Upper Eocene of Monte Bolca and in the 
Crag (Lower Pliocene) of Norfolk. Recent. 

Zanclus Commers. Eocene and Recent. 

Semiophorus Ag. (Fig. 258) ; Acanihoneimis Ag. (Fig. 259) ; Amphistium 
Ag, ; Carangopsis Ag. Upper Eocene ; Monte Bolca. 

Archaem Ag. {Archoeoides vom Rath). Oligoceiie ; Canton Glarus. 

Other genera with extinct representatives are the following: — Power Cmy., 
Caranx Cuv., Lichia Cuv., TracMmtus Lac6p., Seriola, Ecpiula Cuv., etc. 

Lampris Retzius, of an allied family, occurs in the Miocene diatom aceous 
earth of Santa Barbara Co., California. 

Family 3. Menidae.^ 

Trunk laterally compressed. Teeth small and conical or wanting. Dorsal Jin 
extended, without spines. Eocene to Recent. 

Mene Lac^ip. {Gasteronemus Ag,). Extinct species in the Upper Eocene 
of Monte Bolca, the Phosphates of Gafsa, Tunis, and the Tertiary of Antigua. 

Family 4. Teuthididae. 

As Percidae, hut loith only marginal catting teeth and the anal spines stout and 
numerous. Oligocene to Recent. 

Archaeoteuthis Wettstein. Oligocene ; Canton Glarus. 


Family 5. Sparidae. Sea-bivams. 


Brightly coloured, rather deep~hodied jishes, with very delicately serrated ctenoid 
scales. Margin of jaws provided in front with conical or cutting teeth of different 
shapes, which are usually followed behind hy 
several rows of round or oval grinding teeth; 
palatine and vomer toothless. Dorsal fin single, 
the anterior spinous part almost similar to 





Fio. 260. 

Premaxillae of Sargua^ outer (A) and inner 
(B) viewii. Recent; Mediterranean. Nat. 
size. 


Pio. 261. 

RiKht premaxilla of Chrysophrys aimiUi 
Linn. Inner aspect. Recent; Mediter* 
raneaii. Nat. size. 


the posterior soft part ; anal fin with three ^ines. Eocene to Recent. 

^ Astre, O., Le Carangid«S des phosphates tunisiens. Bull. Soc. Hist, Nat. Toulouse, vol. 
Ivi., p. 601, 1927.— Oamer, R., Mene rhombeua (Volta sp.). Zeitschr. Deutscb. Geol. Qes. 
vol. Iviii., p. 181, 1906. 
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The sea-breams, which are easily recognised by their peculiar dentition, 
live at the present day in the tropical seas, feeding especially on Mollusca 
and Crustacea, which they crush with their teeth. 

Sparnodus Ag. occurs in the Upper Eocene of Monte Bolca, Sargus Cuv. 
(Fig. 260), and Chrysophrys Cuv. (Fig. 261), range from the Miocene to 
existing seas. 

Faracalamus Arambourg. Miocene ; Oran, Algeria. 

Lutianus Bloch. L, avus W. K. Gregory.^ Lower Oligocene ; Florida, 
U.8.A. Recent. 

Dentex Cuv. Upper Eocene ; Monte Bolca and Belgium. 

Ctenodentex Storms. Upper Eocene ; Belgium. Middle Eocene ; Egypt. 


Family 6. Sciaenidae. 


Percoids with great development of slime-pits on head. Teeth conical or villiform, 
restricted to margin of jaws. Spinous portion of dorsal fin much less extended than 
soft portion ; anal fin short- 


based with one or two spines, 
Oligocene to Recent. 

Sciaena Cuv. (Fig. 262). 
Otoliths from (3ligoceiie 



and Miocene of Germany 


Fkj. 2&2. 


and Southern United 
States. 


Otolithufi (Sciaena) holsaticni^ Koken. Otolith, innor and outer views, 
, P /2 times nat. size. Miocene ; Holstein (after Koken). 


Pogonias Lacep. P, multidentatus Cope,^ an upper i^haryngeal from 
Miocene, Virgini«'i, U.S.A. 

Diaphyodns Schafhautl. Pharyngeal plates trapezoidal, with mosaic of 
polygonal teeth. European Eocene. 

Many otoliths of existing genera from Oligocene and later Tertiaries. 


Family 7. Pomaoentridae. 

Short, laterally compressed, spiny-finned fishes, with ctenoid scales. Single nostril 
on each side. Dentition feeble. Palatines toothless. Lower pharyngeal hones fused. 
Dorsal fin extended, with numerous sjiines ; anal jin with two or three spines. 
Eocene to Recent. 

Odonteus Ag. Upper Eocene ; Monte Bolca. 


Family 8. Labridae. Wrasses. 

Brilliantly coloured fishes with cycloid scales and thick fleshy lips. Teeth on 
margin of jaws powerful; palate toothless. United lower pharyngeals much 
thickened and forming a plate beset with iminded, rarely acuminate grinding teeth ; 
upper pharyngeals usually separate, bearing similar teeth. Eocene to Recent. 

The wrasses chiefly inhabit tropical seas at the present day. 

Phyllodus Ag. (Fig. 263). Known only by pharyngeals bearing smooth, 
thin, flattened grinding teeth. Grinding surface of upper plate slightly 

^ Florida State Geol. Surv., Bull. no. 5, p. 7, 1930. 

® Smith, B,, Amer. Journ. Sci., vol. xxviii., p. 276, 1909. 
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concave, lower convex. Teeth arranged in rows, the middle row large. 
Several layers of successional teeth usually lie beneath those in function. 

Eocene and Miocene ; Europe and North America. 

Egertonia Cocchi. As Phyllodus, but pharyngeal 
teeth nearly uniform. Lower Eocene ; London and 
Paris Basin. Egertmiia stromeri Weiler. U. Eocene ; 
Egypt. 

Lahrodon Oervais (NummopalafnsliouB.i\\t; Pharyn- 
godopilus Cocchi) (Fig.* 264 ). Lower pharyngeal 
triangular, covered with a pavement of numerous 
small, round or oblong grinding teeth, of which 
Fio. 263. there are always several superimposed layers. Upper 

Phyllodua metlUis Ag. Lower pharyngeals separate, triangular, covered with grind- 

....... • , ,1 - — 



E lmryngeal dentition, nat. size, 
london Clay : Sheppey (after Coc- 


Eocene; Virginia. Eocene to Pliocene ; 


ing teeth. 

ciii). Europe. 

Taurinichthys Cocchi. Miocene ; Italy. 
Pseudovomer Sauvage. Miocene ; Licata, Sicily. 

GilUdia Eastman. G. antiquus (Toxoies antiquus) Ag. sp. Upper Eocene; 
Monte Bolca. j 

Eolabroides Eastman. For “ Creni- 
lahrus^' szajnocJiae de Zigno. Uj)per 
Eocene ; Monte Bolca. 

The existing genera Lal/rus Linn,^ 

JuUSf Crenilahrus Cuv,, and Searus 
Forsk.,^ are also represented in the 
Tertiaries. Numerous otoliths. 

Platylaemns Dixon ; ^ Pse^idospliae- 
rodon Noetling. Middle Eocene ; S. 

England, Belgium, N. Germany, Egypt, S. Nigeria. 



Fia. 264. 

J/ihrodon mnltUUns MUnst. sp. Miocene ; Nenddrfl 
a, d. March. A, lower pliaryngeal with dentition. i>\ 
an upper piiaryngeal. Nat. size. 


Family 9 . Gkromidae. {Cichlidae), 

Tropical and subtropical freshwater fishes much resembling Labridae, but scales 
usually ctenoid and only a single nostril on each side. Eocene to Eecent. 

Priscacara Cope.* Eocene Green Kiver Shales ; Wyoming, U.S.A. 

Chromis Cuv. Miocene ; Oran, Algeria. 

Cichlasoma Swainson.^ C. woodringi Cockerell. Miocene; Las Cahobas, 
Haiti. 


Tribe 3. SCOMBEIFOEMES. 

Differing from Perciformes in the maxillae being fixed to the nm-protractile 
premaxillae and forming a pointed beak. Caudal pedicle contracted and caudal 
fin rays deeply overlapping the hypural bone. 

^ Brunatij R.^ Sopra alcutie ossa fariugoe fossili spettanti al genere Lahms. Atti Soc. 
Ital. Sci. Nat., vol. xlviii., p. 103, 1909. 

^ B.j Scaru8 baltringensis Frobst Eclogae geol. HelvU., vol, xxi., p, 413, 1928. 

* Weiler^ W., Abhandl. Bay. Akad. Wips., math. -naturw. Abt., n.s., vol. i., p. 14, 1929. 

* flasemant J, />., Bull. Amer. Mus, Nat. Hint., vol. xxxi., art. 8, 1912. 

* Myers^ O. S.y Copeia, no. 167, p. 33, 1928. 
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Family 1. Soombridae. Mackerels. 

Trunk elongate-fusiform, naked or with small scales. Teeth conical. Pelvic 
fins thoracic ; two dorsal fins, the hinder usually consisting of separate tufts. 
Eocene to Recent, 



Fin. ‘2()6. 

Cyhiuin dumonti Van Bpined. sp. Pn^maxilla. 


Oligocene ; Stoendorp. 
Va nat. size (afttn* Lericlie). 


Eocoelopoma, Eothynnus, Scombrinus A. S. Woodw. Skulls from Lower 
Eocene (London Clay), 

Sheppey. 

Scombramphodon A. S. 

Woodw. [Amphodon 
Storms nec Peters). Oli- 
gocene (Rupelian) ; Bel- 
gium. Lower Eocene 
(London Clay) and Middle 
Eocene ; England. 

Sphyra enodus A g. ( Dic- 
tyodus Owen ; Pdamycy- 
Z^iamToula). S.priscus Ag. 

London Clay ; Sheppey. 

S, rupeliensis Dollo and 
Storms sp. Rupelian ; Bel- 
gium. Miocene; Vienna. 

Cyhium Cuv. (Scomherodon P. J. Van Beneden) (Fig. 265). Eocene, 
Oligocene, and Miocene of Europe. Neocyhium Leriche. Teeth smaller than 

in Cyhium, and vertebral centrum with three 
lateral pits. Oligocene (Rupelian) ; Belgium. 
tStereodus Owen. Miocene ; Malta. 

Scomber Linn. S. dolloi Leriche, a skull from 
Middle Eocene, Brussels. Oligocene and Miocene 
species from Croatia and Oran, Algeria. Auxis 
Cuv., also Miocene, perhaps Eocene. 

Thynnus Cuv. (Orcynus Cuv.). Upper Eocene ; 
Monte Bolca. European Oligocene and Miocene. 
Miocene ; Oran, Algeria. Pliocene Crags of Bel- 
gium and England. 

Pelamys Cuv. (Fig. 266). Eocene to Recent. 

Ardiodus White. Teeth from Lower Eocene, Kent. 

Pcdimphyes Ag. ; Isurichthys A. S. Woodw.; Opisihomyzon Cope (allied to 
Echeneis Art.). Oligocene; Canton Glams. Isurichthys also in Tertiary, 
Shushter, Persia. 

Megalolepis Kramb., and a genus allied to Echeneis {E, carpathica Szajnocha), 
in the Lower Menilite shales of Galicia. 




Fin. 2(30. 

sp. Hypural, with upper 
(«) and lower (/i) processes. Oligo- 
1 Waldb<>ckelheiin. 


Family 2. Triohiuridae. 

Elongated and laterally compressed, almost ribbon-shaped fishes. Gape of mouth 
wide, jaws and palatine hones with powerful conical teeth. Dorsal and anal fins 
much extended, with unarticulated rays; pdvic fins sometimes rudimentary or 
wanting. Eocene to Recent. 
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The Trichiuridae are predaceous fishes of the tropical and sub-tropical 
seas, living both near the coasts and also in deep water. 

Tliyrsitocephalus G. vom Kath. Paired fins small ; finlets behind dorsal 
and anal fins. T, alpiuus G. vom Rath. Oligocene ; Canton Glarus. 

Trichiurides Winkler. Barbed teeth from the Eocene and Oligocene of 
Belgium and Alsace, from the Miocene of Bordeaux, Vienna, and Sardinia. 



Fkj. 20)7. 

Lepidopiis (An'e7inhdum) glarisianns Blainv. Olijcoccnf^ ; Matt, near GlaruH. 
A, head, ii, portion of trunk. Nat. size (utter Wet tstein). 


Similar teeth (Trichinrns oshosunensis White) from Eocene, S. Nigeria. Some 
probably referable to Lophiidae, 

Hemithyr sites Sauvage. Miocene ; Licata, Sicily. ? Gempylidae. 

Extinct species of the existing Lepidopus Gouan {Anenchelnm Blv. ; 
Lepidopiides Heckel) are found in the Oligocene black slates of Glarus 
(Fig. 267), in the Menilite shales of the Carpathians {L. carpathicus Kramb.), 
and in the Miocene of Sicily, Tuscany, and Algeria. 

Family 3. Palaeorhynohidae. 

Elongated^ low, wml laterally compressed fishes. Snout produced into a long 
beak; jaws toothless or with very small denticles. Vertebrae long and slender ; 
spinous processes and ribs delicate. Pelvic fins thoracic, with several rays; dorsal 
fin extending from the occiput to the tail ; anal fin extending from the anus nearly 
to the cleft caudal fin. Eocene to Miocene. 

Palaeorhynchus Blairiville (Fig. 268). Jaws of equal length; nearly fifty 
dorsal fin spines, as numerous as the vertebrae below them ; about fifteen to 
eighteen short divided rays in hinder part of dorsal fin. P, glarisianus Blv. 
Oligocene; Canton Glarus. P, ziiteli Kramb. sp. Upper Eocene; Galicia. 
Other species in Oligocene of Croatia, Bavaria, and Alsace; also in Lower 
Miocene, Chiavon, Vicentin. 

Hemirhynchus Ag. (Homorhynchus P. J. Van Beneden). Mandible much 
shorter than rostrum ; dorsal fin spines much more numerous than the 
vertebrae beneath them. //. deshayesi Ag. Middle Eocene (Calcaire Grossier); 
Paris. H, colei Ag. sp. Oligocene ; Canton Glarus. H, bruxelliensis Van 
Ben. Middle Eocene ; Brussels. 
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Fir,. 268. 

PaJaeorJiynchm zituh Krarnb. sp. . Upiier Bocene ; Bajcza, Galicia. Va 


Family 4. Blochiidae. 

Elongated fishes with very long cylindrical rosfrmn p'ojecting] beyond the large 
mouth. The entire trunk covered with cordifoim or rhombic bony scaJes^ which are 



Pio. 2<;9, 

Bl(H;hiun longirostris VoUa (with incomplete rostrum). Upper Eocene ; Monte Bolca. 
i/e ’wt. size (after Agassiz). 


mostly keeled and overlap each other. Dorsal fin arising at the occipui and esriending 
almost to the cawial fin^ composed of a spaced series of flexible spines ; anal fi,n also 
much extended and consisting of similar spines ; caudal fin large. Upper Cretaceous 
to Oligocene. 

Blochius Volta (Fig. 269), known by nearly complete fishes from the 
Upper Eocene of Monte Bolca. Two longitudinal series of scales somewhat 
enlarged on each flank. 

Cylindracanihus Leidy {Coelorhynchis Ag. nec Giorna; Glyptorhynchus Leriche)^ 
(Fig. 270). A cylindrical or somewhat depressed elongated rostrum like that 
of BlochiuSj consisting entirely of dermal tissue (cosmine) and longitudinally 
ribbed, each rib being the outer edge of a separate sector ; the central cavity 
simple distally but divided by a median septum proximally. C. rectus Ag. 
Eocene ; England, Belgium, Italy, and Nigeria. Other species in the Eocene 
of Bavaria, Spain, Egypt, India, and Alabama. C. derUiculatus Leriche. 

* Carter y J. T., Oeol. Surv. Nigeria, Occasional Paper No. 5, 1927. — Leriche.^ J/., Ann. Soc, 
Roy. Zool. Belg., voU Ivi., p. 121, 1926. 

VOL. n N 


178 


PISCES 


CLASS I 


Apparently associated with vertebrae in the Oligocene of Belgium. Smaller 
species also in the Upper Cretaceous of England, Belgium, and Mount Lebanon. 

A 

Family 6. Xiphiidae. Sword-fishes. 

Elongate-fusiform fishes with a long pointed rostrum formed 
hy the united premaxillae and nasals. Teeth small or absent. Forked 
caudal fin powerfuly the rays very deeply overlapping the large hyjmral. 
Eocene to Recent. 

Xiphiorhynchus P. J. Van Beiieden. 
Rounded rostra from Lower Eocene 
(London Clay), Sheppey ; Middle Eocene, 
Brussels ; Upper Eocene, Egypt ; and 
Miocene, Algeria. 

Brachyrhynchus P. J. Van Beneden. 
Middle Eocene ; Belgium. Miocene and 
Pliocene ; Belgium, France, and Italy. 

Ac^strus K, S. Woodw. Skull with 
frontals marked by smooth radiating 
ridges. London Clay ; Sheppey. 

Xiphias Art. ; Ilistiophorus Lac6p. 
Eocene to Recent ; Europe and North 
America. Numerous remains of Xiphias 
rupeliensis Leriche, in Oligocene (Rupelian) of Belgium. 



Fi(J. 270. 

Cylindraranthus sp. Rostrum in side view (A) 
nat. size, and in transverse section (B) enlarged. 
Eocene ; Kressenberg, Kavaria. 


Tribe 4. GOBIIFORMES. 

Head depressed^ mouth protractile. Pectoral fins with extemled base on flank ; 
spinous dorsal, if present, of few flexible spines. No bony suborhital stay for 
preoperculum. 


Family 1. Gobiidae. Gobies. 

Elongated fishes with stout caudal pedicle. Pelvic fins often united into a disk ; 
posterior dorsal and anal fins equal and opposite, more extended than spinous dorsal. 
Oligocene or Miocene to Recent. 

Gob'iopsis Priem, from the Eocene of Aftab, Persia, is very doubtfully 
placed here ; also the so-called Gobius microcephalus Ag., from Upper Eocene, 
Monte Bolca. 

Gobius Linn. Imperfect specimens from Lower Oligocene, Galicia. 
Otoliths from Miocene. 

Callionymus Linn. C. macrocephalus Kramb. Upper Miocene ; Croatia. 
Family 2. Trachinidae. 

As Gobiidae, hut gill opening wide and pelvic fins never united. Eocene or 
Oligocene to Recent. 

Callipteryx Ag. Upper Eocene ; Monte Bolca. 

Trachinus Linn. T, dracmculus Heckel. Upper Miocene ; Croatia. 
Numerous otoliths of other species. 
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Tribe 5. BLENNIIFORMES. 

Pectoral fins with extended hase on flank ; pelvic fins jugular^ reduced or absent ; 
dorsal fin spines numerous hut usually flexible. No bony suborbital stay for 
preoperculum. 


Family 1. Blenniidae. 

Elongated fishes with stout caudal pedicle. Dorsal fin occupying most of hack^ 
often subdivided ; anal also extended. Eocene to Recent. 

Pterygocephalus Ag. Supposed allied to existing Cristiceps Cuv. Upper 
Eocene ; Monte Bolca. 

Fossils from the Upper Miocene have been referred to the existing Blennius 
Linn, and Clinus Cuv. 

? Problennius Priem. Eocene ; Aftab, Persia. 

Tribe 6. LOPHIIFOEMES. (Pediculati.) 

Brood pectoral fins suj^ported by elongated basals ; pelvic fins jugular or absent ; 
anterior dorsal fin reduced to a few isolated tentacle-like spines; soft dorsal and 
anal short. 

Family 1. Lophiidae. Angler Fishes. 

Head very large^ wide and depressed; mouth horizontal. Body contracted, 
conical and tapering. Eocene to Recent. 

Lophius Linn. L. brachysomns Ag. Upper Eocene ; Monte Bolca. L, dolloi 
Leriche. Oligocene (Rupolian); Belgium — jaws only. Also Miocene; 
Oran, Algeria. 


Family 2. Antennariidae. 

Head and body more or less laterally comjrressed ; mouth vertical or very oblique. 
Pectoral fins forming elbow-like angle. Eocene to Recent. 

Histionotophorus Eastman (Ilistiocephalus de Zigno 7iec Diesing). H, bassanii 
de Zigno, a fish 6 cm. in length from Upper Eocene, Monte Bolca. 

Tribe 7. SCOBPAENIFORMES. (Scleroparei.) 

Pectoral fins with extended base on flank; pelvic fins thoracic. One hone of 
circumorbital ring produced into stay for preoperculum, which is spiny. 

Family 1. Scorpaenidae. 

Head armed with spines. Post-temporal hone free from cranium. Dorsal fin 
with 8 fo 16, anal with 3 spines. Eocene to Recent. 

Ampheristus Konig. Skull from London Clay, Sheppey. 

Scorpaenoides Priem. Eocene ; Roumania. 

Ctenopoma Heckel ; Scorpaenopterus Steindsichner, Miocene; Vienna. 

The existing Scorpaena Linn, seems to be represented in the Miocene of 
Croatia and Algeria. 
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Family 2. Oottidae. 

Head usmlly broad and depressed^ with narrow interorbital region. Post- 
temporal borye free. Anal fin without spines. Eocene to Recent. 

Eocottus A. S. Woodw. With small scales. Upper Eocene ; Monte Bolca. 
Lepidocottus Sauvage (Fig. 271). With ctenoid scales. Freshwater 

Oligocene ; Aix-en-Provence, France; 
Monte Viale, near Vicenza. Miocene ; 
Oeningen, Baden ; Ulm, Wiirtemberg ; 
Chifivon, Vicentin. 

Cottus Linn.^ The existing C, uncinatus 
„ ^ Reinhardt in nodules in Pleistocene clay, 

Mioc«ne;Oeninge., Greon’s Creek, Ottawa Canada Frag- 
Baden. Nat. size (after Agassiz). ments in Pleistocene 01 Upland, Sweden, 

and in freshwater deposits in Idaho, Nevada, 
and Oregon, U.S.A. C, cervicornis Storms. Oligocene (Rupelian) ; Belgium. 

1 Cottopsis Priem. Eocene ; Aftab, Persia. 



Family 3. Triglidae. Gurnards. 

Suborbitals enlarged and corering cheek ; post-temporal hone fused with cranial 
roof and siipracleithrum displaced backwards to allow articulation with cleifJmm, 
Spinous dorsal less extended than soft dorsal ; anal without spines, Oligocene to 
Recent. 

Trigla Linn. To this existing genus are referred ornamented plates from 
the Oligocene (Rupelian), Belgium, and imperfect fishes from the Oligocene 
of Mainz and the Miocene of Vienna, Italy, Sicily, and Algeria. 

Numerous otoliths. 

Tribe 8. GHAETODONTIFOBMES. 

Perciform fishes with very short h'ain case, long face, and small terminal mouth. 
Trunk deepened and dorsal fin spines well developed. 


Family 1. Chaetodontidae. 

Maxilla separate from premaxilla. Scales small or minute, ctenoid, densely 
covering soft portions of median fins. Eocene to Recent. 

Pygaeus, Pomacanthus Ag. ; Parapygaeus Pellegrini. Upper Eocene ; 
Monte Bolca. Species of existing genera Ephippus Cuv. and Scatophagus 
Guv., also at Monte Bolca. Species of Holacanihus Lac^p. in Middle Eocene, 
France, and Lower Miocene, Chiavon, Vicentin, 

Chelmo Cuv. C. fossUis de Beaufort. Miocene ; South Celebes. Recent, 
on coral reefs. 

^ Jordan, D. S., Fossil Sculpin from Nevada regarded as CoUus beldingi, Proc. U,8. Nat. 
Mas., vol. Ixv., art. 6, 1924. — tericfie, M,, Les Cottus fossiles. C.R. Aasoo. Franc. Adv. 8ci., 
1904, p. 677. 
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Family 2. Aoronuridae. 

Maxilla fused with piemaxilla. Jaws with a row of cutting teeth. Scales 
minute, ctenoid. The tail in adult examples provided with one or several bony plates 
or spines. Eocene to Kecent. 

The living genera dwell chiefly in the vicinity of coral reefs. 

The existing genera Acanthurus Forsk. and Naseus Commerson are recorded 
from the Upper Eocene of Monte Bolca; the former also from the Calcaire 
Grossier of Paris and the Miocene of VieSna. An extinct species of Zehrasoma 
Swainson is known from the Tertiary of Antigua, West Indies.^ 

Aulorhamphus de Zigno {CalamosUmia Steind. nec Ag.) (Fig. 272). Upper 
Eocene ; Monte Bolca. 

ApostasisKvoLinhergeT, Oligocene; Steiermark and Switzerland. Miocene; 
Croatia and Tuscany. 


Tribe 9. PLEOTOGNATHI. 

Skin covered with roughened scAiles, bony spinss or plates, rarely naked. Skeleto'n 
incompletely ossified. Maxillae and premaxillae fused together into a solid beak. 
Gills pectinate. Pelvic fins wanting or represented by spines; dorsal fin with 
articulated rays opposed to the anal fin. 

Family 1. Gymnodontidae. 

Trunk short and deep, naked or covered with bony spines. Jaws beak-shaped, with a 
cutting dental plate above and below, either undivided or in right and left halves, and 

with small crushing plates {sometimes rudimentary) 



Fia. 272. Fi(j. 273. 

.(4 caw Heckel ap. Upper JHodon(PTogymnoiUyn) hilgendorji DameB. Upper (A) and lower 
Eocene ; Monte Bolca. Nat. size. (B) jaws. Eocene ; Egypt. Nat. size. 


Tetrodan Linn. Jaws from the Miocene of Sardinia and Pliocene of Italy. 
? T, pygmaeus de Zigno. Upper Eocene ; Monte Bolca. 

Triodon Cuv. Jaws of Triodon antiquus Leriche. Middle Eocene ; Brussels. 
T. cabindensis Leriche. Lower Eocene ; Congo Free State. 

Diodon Linn.^ {Megalurites Costa ; Enneodon Heckel ; Heptadiodon Bronn ; 
Gymnodus Delfortrie ; Progymnodon Dames) (Fig. 273). Small fishes 10 cm. 
in length, 1). eiinaceus Ag., from Upper Eocene, Monte Bolca. Jaws of D, 

^ ffuasakof, L., Bull. Amer. Mua. Nat, Hist., vol. xxiii., art. iii., 1907. 

* Pasquate, M., Avauzi di IHodon veins. Bendic. R. Acoad. Sci. Napoli [11], vol. ii!., p. 71, 
1905 (with Bibliography). 
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scillae Ag. from Miocene of Italy, Sicily, and Malta. Other jaws from Eocene, 
Italy, Egypt (Fig. 273), and India; Oligocene, Italy; Miocene, Italy, Sicily, 
and Oran, Algeria (? Chilomrjciems Bibron), and France ; Tertiary Phosphate 
Beds, South Carolina, U.S.A. 

Orthagorisms Bloch and Schneider. Large jaws of 0. pileatus P. J. van 
Beneden, Miocene or Pliocene, Antwerp. Wrongly recorded from English 
Chalk. 


Jaws with cnttiug 
Cretaceous to Pliocene. 


Family 2. Trigonodontidae. 

(hntal plates hut no crushing plates within. Uj)per 


Stephanodus Zittel. Cutting dental plate clearly showing its component 
teeth. S. splendens Zitt. Upper Cretaceous ; Sahara, Egypt, and Arabian 

Desert. 

JHotrigonodon WgHgv (Fig. 274). Cutting 
dental plate serrated or pectinated. E, 
serrafus Gervais sp. (Fig. 274). Eocene ; 
N. France and Belgium. Var. aegyptiaca 
in Middle and Upper Eocene, Egypt. 

Trigoaodon Sismonda Cutting dental 
plate with smooth edge. Middle Miocene 




Fkj. 274. 

Eotrigonodon gerratui Gervais sj). Tooth, outer 
(a) and inner (/j) view. Eocene ; Cliaumont, 
Oiae. Nat. size (after Prieni). 


to Pliocene ; Europe, North Africa, and New Zealand. 


Family 3. Sclerodermidae. 

Jaws with a small number of separate teeth. Skin with scales or roughened. 
Dorsal spines usually present. Eocene to Recent. 

The existing genus Osiracion and the extinct Spinacanthus Ag. {Protobalistum 
Massal.) have representatives in the Upper Eocene of Monte Bolca. Osiracion 
also occurs in the Eocene of Belgium and the Oli- 
gocene of Roumania. The extinct genera Acantho- 
derma and Acanthopleurus Ag. occur in the Oligocene 
black slates of Glarus ; Marosia de Beaufort, in the 
Miocene of South Celebes. The Eocene and Oligo- 
cene teeth described s,^Ancistrodon FjOGmGTiGrypodon 
Hay) (Fig. 275), may belong, at least in part, to the 
pharyngeal dentition of Scleroderms. Similar 
Cretaceous teeth belong to Pycnodonts (p. 133). 

Batistes Linn. Extinct species in the Miocene 
of Algeria and South Celebes. 


A B 

Fio. 275. 

Pharyngeal teeth. A, Anngtrodon 
libyv.tLs Dames. Upper Chalk ; Gasr 
Dachl, Inbyaii Desort, Ancistrodon 
arvuttus Gervais sp. Eocene ; Mokat* 
tam, near Cairo (after Dames). 


Range and Distribution of Fossil Fishes.^ 

Notwithstanding the apparently favourable circumstances for the preserva- 
tion of fishes due to their Jiving in water, their geological history is still very 

^ Woodwardf A. S.^ The Study of Fossil Fisbes. Proc. Geol. Assoc., vol. xix., p. 266, 1906. 
— The Use of Fossil Fishes in Stratigraphical Geology. Quart. Journ. Geol. ^c., vol, Ixxi., 
p. Ixii, 1916. 
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imperfectly known. Complete skeletons, it is true, are rather numerous in 
clayey, calcareous, or marly shales, which were laid down as fine mud on the 
bottom of former lakes and near the shore in seas. On the other hand, in 
rocks of coarser grain (sandstone), in very many shore deposits, and also in 
deep-sea limestones, there are usually only isolated teeth, scales, dermal 
plates, vertebrae, scattered bones of the skeleton, and otoliths, which are 
extremely difficult to determine. In many marine, lacustrine, and fluviatile 
deposits, fish remains are almost completely wanting, so that the formations 
rich in fossils are usually separated from each other by a series of strata which 
represent long periods of time. 

The oldest undoubted traces of fishes both in Europe and North America 
occur in rocks of Ordovician age. The minute conical teetli found by Rohon 
among the Conodonts in the Glauconite Sands in the Government of Leningrad, 
Russia, resemble in structure those of fishes. The dermal plates of Jstraspis 
from rocks apparently of the Trenton Series in Colorado, Wyoming, Montana, 
and South Dakota, U.S.A., seem to belong to primitive Cephalaspidian 
Ostracodermi. 

The next known fish remains are from the Upper Silurian. They are 
found in the Ludlow Bone-bed, in the light, fissile, dolomitic limestone of the 
island of Oesel in the Baltic, and in sandy shales in Bohemia, Podolia and 
Galicia. They are also found in the Onondaga Group of Pennsylvania. They 
are still more abundant in the Downtonian formations of England, Scotland, 
Spitzbergen, and Norway, which form the Passage Beds to the overlying 
Devonian. The determinable forms are all primitive Ostracodermi and Acari- 
thodii, which must have been either freshwater or shore-living fishes. 

In the Devonian era fishes begin to attain a great development, and are 
sometimes discovered in a remarkable state of preservation, especially in the 
Old Red Sandstone of Great Britain, the Baltic States, Podolia, and Galicia, 
and in the corresponding formations of Germany, Spitzbergen, and North 
America. An especially well-preserved series of Arthrodira has been obtained 
from the Upper Devonian of Wildungen, near Kassel. Scattered fish remains, 
such as plates of Ostracodermi and Arthrodira and spines of Elasmohranchii, also 
occur in the Devonian of the Eifel, Nassau, Westphalia, Belgium, N. France, 
Australia, and Antarctica. Gigantic Arthrodires (DinichthySy Titanichthys, 
Diplognathus) and Elasmobranchii, especially Cladoselachidae, are remarkably 
abundant in the Middle and Upper Devonian of Ohio, Wisconsin, and New 
York. The Devonian fish fauna consists of Ostracodermi^ Arthrodira^ many 
Ganoids {Orossopterygii and Chondrostei\ Dipnoans (Dipteridae, Phamropleuridae), 
and Elasmobranchs {Pleuropterygii, Acanthodii, Selachii), Most of the groups 
which pass upwards from the Silurian become extinct at the end of the 
Lower Devonian. The fishes of the Old Red Sandstone are freshwater forms, 
and the Orossopterygii make a nearer approach to lung-breathers than any 
fishes of later periods. 

The fishes of the Carboniferous System are obtained partly from the 
marine Carboniferous Limestone, partly from the shales and sandstones of 
the productive Coal Measures. The Ostracodermi and Arthrodira have become 
extinct, and the enormous development of the Elasrmhranchii^ of which, 
however, only teeth and fin spines are commonly preserved, sharply dis- 

^ Uay^ 0. P., The Chronological Distribution of the Elasmobranchs. Trans. Amer. Phil. Soc., 
vol. XX., 1901, 
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tinguishes the Carboniferous fish fauna from that of the Devonian period. 
The Cochliodantidaej Psammodontidae, Copodontidne^ Edestidae^ and Petalodontidae 
are most abundant in the Carboniferous Limestone, while the Hybodontidae 
are also well represented ; the Acanthodii and Fleuropterygii continue, the 
PleuraoarUhidas begin. The heterocercal Ganoids are the principal associates 
of the Elasmobrmchii ; the Crossoptcrygii and Dipnoi are still present, but in 
diminished numbers. On the whole, the Carboniferous fauna marks the 
beginning of the adaptation of hshes for a free -swimming life in the 
open sea. 

The fishes of the Permian System are closely similar to those of the pro- 
ductive Coal Measures. They occur in the Rothliegonden of the Saar Basin, 
Bohemia, Saxony,* Silesia, and France; in the Marl Slate and Magnesian 
Limestone of England ; in the Kupferschiefer of Thuringia and Hesse ; and in 
the probably contemporaneous strata of Texas and New Mexico. The 
Chondrostei are by far the most numerous, and in the Upper Permian they are 
accompanied by a forerunner of the Protospondyli (Acentrophorus), Of the 
Crossopterygii^ Ooelacanthus and Megalichthys alone survive in Europe. Among 
the Dipnoi^ the genera Ctemdus and Sagemdas are especially widely distributed. 
In comparison with the Carboniferous fish fauna, that of the Permian period 
is noticeably destitute of ElasmobrancJiiL Here, however, the remarkable 
Pleuracxinthidae and Edestidae attain their maximum development, and are 
associated with a few Oochliodontidae {Menaspis\ Petalodontidae {Janassa\ and 
Acanthodida^, The four latter families now become extinct. 

The abrupt break in development, which is observable in most sections of 
the animal and j^lant world at the close of the Palaeozoic epoch, is also 
conspicuous among the fishes, although the Triassic fish fauna exhibits several 
resemblances to that of the Permian. Very few specimens are found in the 
Bunter Sandstone, which is a land deposit forming the base of the Triassic 
System in Europe, but fossil fishes become numerous in the marine formations 
of the Muschelkalk and Rhaetic series, and they are especially well preserved 
in the black shales of Perledo near Lake Como, Besano and Lumezzane in 
Lombardy, Raibl in Carinthia, Lunz in Lower Austria, and Giffoni near 
Naples ; in the asphalt shales of Seefeld and other localities in the Tyrol ; 
and in the dolomite of the neighbourhood of Salzburg. A few occur in the 
Keuper Sandstone of Wiirtemberg and England. Nearly similar fishes are 
also known from the corresponding formations in Spitzbergen ; Connecticut 
and Virginia, U.S.A. ; South Africa (Karroo Formation) ; and New South 
Wales, Australia (Hawkesbury Formation). The typically Palaeozoic groxips 
of Elasmohranchii having almost or completely passed away, the Hybodontidae 
begin to be numerous (Hybodns and Acrodus), and may be regarded as the 
early ancestors of the modern sharks. The Dipnoi are represented by 
Ceratodus, which differs little from the Neoceratodus which now survives in the 
rivers of Queensland. Of the Crossopterygii only the Coelacanthidae remain. 
The Chondrostei still include several PaXaeonmidae, and they are accompanied 
by the Caiopteridae, which connect them with the higher groups ; but the most 
characteristic Triassic Chondrostei are the specialised Belonorhynehidae^ which 
are very widely distributed in Europe, Spitzbergen, Canada, and Australia. 
The Protospondyli are now numerous, represented especially by the primitive 
Cdohodoniidm and the Semionotidae^ but including the first of the Pyc^ontidae 
(Eotnesodon) and some Macrosemiidae and Eugnathidae, The Halefiodomi first 
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appear with the Pholidoplioridae, which seem to be directly ancestral to the 
modern Teleostei Some of the Ti iassic fishes, indeed, begin to show a marked 
tendency towards the ossification of the internal skeleton at the expense of 
the external armour. 

The fish fauna of the Lias is a direct continuation and further development 
of that of the Trias. The majority of the known species occur in a remark- 
able state of preservation in the Lower Lias of Lyme Regis in Dorset, and of 
other localities in southern England. Few fishes are found in the Middle Lias ; 
but they become numerous again in the Posidonomya shales and bituminous 
limestones of the Uj)per Lias c in Wiirtemberg and Fi anconia, as well as in 
the corresponding strata of Werther, near Halle, the Departments of Calvados, 
Yonne, and C6te-d’Or in France, and of llniinster and Whitby in England. 
The EUismohranchii are represented by several s])ecies of Hyhodus and Acrodus 
of the family Hybodonlidae, and by one genus, Palaeoapinax, which seems to be 
a forerunner of the Cestracionfidae. There are also the first typical Holocephali, 
of the primitive families Squaloraiidae and Myriacanthidae. The Dipnoi are 
unknown in Europe, but Cerafodus occurs in corresponding Lower Jurassic for- 
mations in Colorado and Wyoming, U.aS. A. The Coelacanthidae alone represent 
the Crossopteryyii. Among Chondrostei the Palaeonisddae and Belonorhy7ichidae 
are now rare, but the family Chondrosteidae, from both the Lower and the Upper 
Lias, includes large fishes which are intermediate between the Palaeonisddae 
and the modern sturgeons. The majority of the Liassic fishes, however, are 
Ganoids of the Order Prtdospondyli : especially characteristic and widespread 
is the deep-bodied, regularly scaled Dapedim. Only a single Pycnodont genus 
(Eomesodon) is known. Some of the Proiospondyli have thin scales and con- 
siderable Ovssification of the internal skeleton {Catnrus and Pachycormidae)^ 
while the Halecostomi comprise not only numerous Pholidoplioridae but also, in 
the Upper Lias, the earliest Leptolepidae, which are very closely related to the 
primitive Teleostei of later date. 

The Dogger or Brown Jura of Germany, and the corresponding Lower 
Oolites of England, usually contain only detached teeth, fin spines, bones, 
and scales of fishes, w^hich resemble partly those of the IJas, partly those of 
the Upper and Middle Jurassic. Some of the teeth of the Hyhodoniidae are 
very similar to those of the earliest Notidanidae, which appear in the Middle 
Jurassic. Most of the dental plates of Holocephali seem to belong to the 
Chimaeridae. Small teeth of the Dipnoan Cerafodus are rare. Numerous jaws 
of Pycnodontidm represent chiefly the primitive genus Eonusodon, The 
earliest fragments of Aspidorhynchidae have been recognised. The Middle 
and Upper Jurassic fishes are numerous and well preserved in the Oxford and 
Kimmeridge Clays and the Portland Limestones of southern England, 
northern JVance, and Switzerland ; and in the Lithographic Stone of 
Solenhofen, Kelheim, and Eichs tacit in Bavaria, Nusplingen in Wiirtemberg, 
Cerin in Ain, France, and Vilanova de Meya in L6rida, N. Spain. The 
latest Jurassic fishes are also found well preserved in the Purbeck Beds of 
England and in the Wealden of England, Belgium, and northern Germany. 
The Wealden fishes are freshwater and estuarine survivals, which were in 
part contemporaneous with the marine fishes occurring in the Lower Cretaceous 
Neocomian strata. In the Middle and Upper Jurassic fauna the Hyhodo^vtidae 
include Asteraeardhus^ and are accompanied by more modernised Cestraciontidae 
and true Notidanidae^ besides Squaiinidae and certain BhindboJlidm, which may 
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be regarded as ancestral to the later skates. There are also forerunners of 
the modern Spinacidae and Scylliidae, Holocephali of the family Chimaeridae 
are common, and there is at least one survivor of the Myriacanthidae, 
The Crossopterygian Coelacanthidae now attain their greatest development, 
and the Chondrostean Palaeonisddae are almost extinct, though small species 
of one genus, Coccolepis, survive as late as the Purbeck and Wealden. All 
families of the Protospomlyli and llalecostomi are especially abundant and 
varied ; among them the Amiidae and Oligopleuridae appear for the first time. 
It is the Age of Actinopterygian Ganoids. 

With the beginning of the Cretaceous period there is an important change 
in the fish fauna, so that the previously dominant Ganoids become more and 
more displaced by Teleosteans. In the marine Neocomian formations of 
France, Germany, and Switzerland, which are probably contemporaneous with 
part of the estuarine AVealdon deposits, the fragmentary remains of fishes 
belong chiefly to Hybodont sharks, Pycnodonts, and Lepidotus, but include a 
few teeth which represent the earliest predaceous sharks of the modern family 
Lamnidae. In the Voirons, Switzerland, there are good skeletons of the 
earliest Chirocentrids (Spathodactylus) and Clupeoids {Crossognaihus and 
probably Diplomysfus). In the limestones of Castellamare and Pietraroja near 
Naples, the Jurassic types of Ganoids also predominate, though they are 
mingled with a few true Clupeoids. In the limestones of the Isle of Lesina, 
Dalmatia, Teleosteans predominate and include, besides several Clupeoids, 
both forerunners of the Acanthopterygii and a few members of this modern 
Order (a Berycoid and Aipichthys), In the Upper Cretaceous formations of 
the Old World, such as the limestones of Mount Lebanon, the marly 
sandstones of AVestphalia, and the AA^hite Chalk of England, N. France, 
and S. Sweden, only a few specialised survivors of the Jurassic Elasmobranchs 
and Ganoids occur, and the large majority of the fishes are Teleosteans, 
including several Acanthopterygii, chiefly Berycoids. In the New A\'"orld the 
distribution of the Cretaceous fishes is much the same. In a Lower Cretaceous 
estuarine deposit at Bahia, Brazil, and in the marine Neocomian of Mexico 
and the United States, the Ganoids predominate ; while in the Upper 
Cretaceous laminated chalk of the Niobrara Group in Kansas, well-preserved 
portions of skeletons of modern Elasmobranchs and Teleosteans constitute 
the whole known fauna. W ell-preserved fishes occur in nodules in an Ui)per 
Cretaceous formation in Ceard, Brazil, and there are traces of a similar fish 
fauna in Queensland, Australia. 

Among Upper Cretaceous Elasmohranchii the Lamnidae are especially 
abundant, including the extinct genus Corax (probably an ancestor of Sela^che), 
Oxyrhina, Lamna, and Scapanorhynclms, which seems to be identical with the 
existing deep sea genus Mitmkurina, There are also Notidanidae, Cestrammtidae, 
Scylliidae, Spinacidae, Pristiophoridae, Squatinidae, Pristidae, Rhinobatidae, and 
an extinct skate Ptychodm, which is the characteristic Elasmobranch of the 
period. These families do not always occur all together, and Ptychodus has 
not been found in the best known fish faunas of Mount Lebanon. The 
Pristidae are ancestral types {Sclerorhynchus, Onchopristis), in which the teeth 
of the rostrum or saw are not yet sunk in sockets. Carchariidae are absent. 
The Holocephali closely resemble those of the Jurassic period and include 
some of the largest known species (Edaphodon), The Dipnoi are represented 
solely by some small teeth of Oeratodus in N. Africa, Patagonia, and Australia. 
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The Crossopterygian family Coelacanthidae appears for the last time in Europe 
and Syria (Macropoma), The Protospondyli are represented by specialised 
or senile forms of Semionotidae^ Pycnodontidae^ Eugnathidae {Neorhomholepis), 
Macrosemiidae, Aspidorhynchidae, and Pachycormidae (Protosphyraena), Among 
Teleosteans the Glupeoids and Chirocentrids are especially varied, and there 
are several genera related to the Scopelidae, which seem to be the ancestors of 
fishes at present living in the deep sea. There are also genera of the deep 
sea Halosauridae. A few eels make their first appearance, some (Urenchelys) 
still retaining a caudal fin, at least one also with pelvic fins (Anguillavus). 
The Acanthopterygii are remarkably numerous, but are almost exclusively 
Berycoids and Carangoids. In the highest horizons of the Cretaceous 
(Montian) there are Percoids in N. France and India. The occurrence of 
Lepidosteus in India is interesting. 

With the beginning of the Tertiary period there is a still closer approxi- 
mation to the fish fauna of the present day. Among Elasmohranchii the 
Cestraciordidae are now represented only by Synechodus, which soon becomes 
extinct, and by Cfisfraciorij which still exists locally. The Dipnoi have 
retreated to the fresh waters of the regions they still inhabit. Of the 
Grossopterygii only a few Polypterid scales are known from Egypt. Of the 
typically Mesozoic Ganoids, two Pycnodonts {Pycnodns, Palaeobalistum) alone 
survive, and these become extinct at the end of the Eocene. Of the higher 
Ganoids there are only Lepidosteus^ A7nia, and the Acipenseroids, as in the 
existing fauna, though the two former are not yet restricted to the fresh- 
waters of North America. The modern sharks, skates, and bony fishes 
predominate, and are almost as varied as those in existing seas, only the 
geographical distribution of some of the tropical and sub-tropical families 
extends to northern regions which are now temperate. There must, indeed, 
have been very rapid evolution between the latest Oetaceous episode and the 
earliest Tertiary episode which has hitherto been found satisfactorily recorded 
among fossils. 

The oldest Tertiary fishes are represented merely by fragments, chiefly 
teeth and otoliths, in the basement beds of the Eocene (often termed Paleocene) 
of western Europe and Africa. The first important marine fauna occurs in 
the Lower Eocene London Clay of England and its equivalents in France and 
Belgium. Among sharks the Carclmriidae now appear for the first time ; and 
the large rays of the family Myliohatidae are numerous. Among Chimaeridae, 
Edaphodon still survives. There are scutes of Adpenser and jaws of Pycnodus, 
Siluridae also appear, and peculiar Labroid fishes with a pharyngeal dentition 
named Phyllodus — a typical Lower and Middle Eocene fossil. The Scombridae 
are especially numerous, and there are some primitive Xiphiidae, besides the 
curious Xiphioid Cylindracardhus. Skulls apparently of Scorpaenidae and Gadidae 
also occur, and there are remains of many other specialised Teleostd. The 
Acanthopterygii now much outnumber the physostomous Teleostei, Middle and 
Upper Eocene fishes are represented by fragments in deposits above the London 
Olay in western Europe, on the German Baltic coast, in Persia, Egypt, Tunis, 
and Nigeria. Amia and Lepidosteus occur in Europe, and large Siluridae are 
especially numerous in Egypt. The Upper Eocene fauna is represented by a 
very numerous and varied assemblage of well-preserved fishes in the fissile 
limestone of Monte Bolca, near Verona. Almost all groups which at the 
present day inhabit the shallower waters of tropical seas occur here, with 
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the last species of Pycnodus and Palaeobalistum and a peculiar Xiphioid 
Blochius, which is closely allied to Cylindracanthus. 

Fragments of nearly similar Eocene fishes, especially teeth of Plasmohranchii, 
are found in certain marine deposits near the eastern coast of the United 
States of America ; but most of the known deposits containing Eocene fishes 
in North America are of freshwater origin, and so exhibit another phase of 
fish life. The Green River Shales of Wyoming yield fine specimens of a 
freshwater sting ray (Xiphotrygon), a LepidosteuSy Clupeidae (Diplomystus), 
Osteoglossidcie (Phareodus), Chromidae or Cichlidae {Priscacam), and some Per- 
coids. Other contemporaneous formations in the West also contain Lepidostms, 
Amia^ and Siluridae. 

The earliest Oligocene fishes occur in the black slates of Matt in C/anton 
Glarus, the contemporary Menilite Shales of Styria, Upper Bavaria (Siegs- 
dorf), Upper Alsace, and other localities. The well-preserved fishes of Glarus 
are all Teleostei adapted for the deep sea, and most of them belong to extinct 
genera. Lepidopus is especially common. Later Oligocene fishes are found 
chiefly as fragments in the Rupelian Clay of Belgium and in sandy deposits 
in the Mainz and Paris basins. A few nearly complete specimens, however, 
are obtained from the Septarian Clay of Mainz. The Oligocene marine fauna 
in Europe is still tropical or sub-tropical, and is directly continuous with 
that of the Eocene. Freshwater Percoids, Amia, and other fishes are found 
in the Oligocene of Provence. 

In the Lower Miocene of Messel, near Darmstadt, Lepidosteus and Amia 
occur for the last time in Europe. Freshwater fishes are also well preserved 
in the lignite of Rott, near Bonn, and in contemporaneous deposits in Bohemia. 
The Middle Miocene Molasse of Switzerland, Wiirtemberg (Baltringen), and 
Upper Bavaria, the marine deposits of the Vienna basin, the valley of the 
Rhine, and the Aquitaine basin, sometimes contain an abundance of fish 
remains, among which the teeth, dermal plates, and spines of sharks, rays, 
and chimaeras, the vertebrae, teeth, and scattered bones of Teleodei are 
especially common. With few exceptions these remains are referable to 
recent genera. The brackish- water clay of Unterkirchberg, near Ulm, the 
freshwater marl of Oeningen and Steinheim, the Sarmatian deposits of Radoboj 
and other localities in Croatia, and the Ceriihiuni marl of the Vienna basin, 
also show that at the time of their formation the fish fauna of the fresh and 
brackish waters of Germany was not very ditFerent from that still surviving 
in southern Europe and Asia Minor. The Upper Miocene marine fauna is 
well represented at Licata in Sicily, in the neighbourhood of Girgenti, in the 
gypseous marls of Sinigaglia, near Gabbro in Tuscany, Lorca in Spain, and 
Oran in Algeria. It is essentially a Mediterranean fauna, but without 
exception the species are extinct. So far as fishes are concerned, there is 
scarcely any noteworthy difference between the Pliocene fauna and that of 
the present day. Some of the sharks of the family Lamnidae attained a large 
size, and gigantic teeth of Carcharodon and Oxyrhim characterise Miocene and 
Pliocene formations in many parts of the world. They are also sometimes 
dredged from the bottom of the present deep sea.^ 

The distribution of the Pleistocene fish fauna in the northern hemisphere 

^ MastmaUf C. Jft., Sharks’ Teeth and Cetacean Bones from the Red Clay of the Tropical Pacific. 
Mem. Mus. Comp. Zool. Harvard, vol. xxvL, no. 4, art. v, 1903 ; also Bull. Mus. Comp. Zool. 
Harvard, vol. 1., no. 4, 1906. 
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was probably affected by the glacial conditions of the time, but little is known 
about it. In this connection the occurrence of the northern Capelin (Mallotus 
villosus) in Bosnia is interesting. 

Class 2, AMPHIBIA. Amphibians or Batrachians. ^ 

Cold-blooded aquatic or terrestrial vertebrates, usually naked, but sometimes uith 
a horny or bony dermal covering ; respiration both by gills and by lungs in early 
stages, and in some forms gills remain functional throughout life. Heart with one 
ventricle and two auricles. Development without amnion and allantois, by meta- 
morphosis. Skull usually with two occipital condyles. Generally a single sacral 
vertebra. Limbs adapted for walking or swimming, never in the form of fins, and 
rarely absent. 

In external appearance Amphibians more nearly resemble Reptiles than 
Fishes. The body is generally elongate, and terminates as a rule in a well- 
developed tail, although some small forms (Anura) are tail-less. Among 
recent Amphibians limbs are wanting only in the Coecilians {Gymnophiona). 
Certfiin extinct Stegocephalians {Dolichosomidae) appear also to have been 
completely limbless ; but elsewhere two pairs of limbs are invariably present, 
the anterior usually terminating in four digits and the posterior in five. 

Recent Amphibians are naked with the exception of the Coecilians, which 
are covered with small scales arranged in transverse rings, and certain frogs 
{e.g. Ceratophrys), which have some ossifications in the skin of the back. 
The fossil Stegocephalians usually have a scaly armature on the ventral 
surface, and sometimes also on the back. Sense organs of the lateral line 
system, like those of Fishes, are well developed in the aquatic forms, and also 
occur in the larvae of the land forms. 

The number of vertel)rae in the spinal column is extremely variable 
(10-150), depending on the length of the body and especially the tail. 
Cervical, dorsal, sacral, and caudal regions are distinguishable. 

The most primitive form of vertebrae occurs in the Palaeozoic Stego- 
cephalians, where the notochord is enclosed by thin cylinders of bony tissue, 
or by separate pleurocentra and hypocentra, as in early Ganoids. Where the 
column is more extensively ossified, as in the existing Amphibians, three types 
of vertebrae are exhibited. The first, or amphicoelous, is biconcave ; the 
procoelous has the anterior vertebral face concave and the posterior convex ; and 
the opisthocA>elous has the anterior face convex, the posterior concave.^ 

The cervical region comprises but a single vertebra, the atlas, although 
this probably corresponds to both atlas and axis of higher Classes. Its con- 
cave anterior face receives the bony or cartilaginous occipital condyles, and 
is often provided with a spatulate, forwardly directed basal process. Each of 
the dorsal vertebrae supports a neural arch (neurapophysis), which becomes 
earlier and more extensively ossified than the centrum, and may be either 
suturally united or anchylosed with the latter. The two halves of the neural 
arch unite above to form a more or less strongly developed spinous process 
{spina dorsalis) ; and they bear anteriorly and posteriorly a pair of oblique 

^ Hoffmann, C, K., Dio Amphibien. Bronn’s Classen und Ordnungen des Tierreichs, vol. vi., 
pt. 2, 1878-78. — \Y(tgneT, J., NatUrliches System der Amphibien, 1828-83, 

^ Hopcsa, F., t^ber prozole und opisthozble Wirbel. Anat. Anzeig., yol. Ixix., p. 19, 1980. 
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articular processes (jprocessus ohliqui, zygapophyses\ the forward pair of each 
vertebra overridden by the hinder pair of the next in front. Sometimes, as 
in the Stegocephalians Diplocaulus and Sauropleuray the articulation is further 
strengthened by a process between the prezygapophyses (zygosphene) fitting 
into a pit between the postzygapophyses {zygantrum). The neural arch also 
supports, as a rule, a pair of transverse processes {diapophyses) for the attach- 
ment of ribs. When the ribs are double-headed, as is often the case, another 
and shorter lateral process (par apophysis) is developed by the centrum. In 
existing Amphibians the ribs are short .and never reach the sternum. In the 
extinct Stegocephalians they are usually long and curved, encircling the body 
cavity. 

The sacral region is usually formed by a single vertebra, which supports 
the pelvis, tlie latter being attached either directly by means of exceptionally 
stout transverse ])rocesses, or by sacral ribs, usually of peculiar form. Haemal 
arches {haemapophyses, “ chevron bones ”) are commonly borne by the caudal 
series, the foremost of which sometimes have ribs attached to the transverse 
processes of the neural arch. The entire series of caudals in the Anura is 
fused into a single elongate piece called the coccyx. 

The primordial cranium remains partly cai-tilaginous throughout life, and 
is partly replaced by bony pieces, which are either direct ossifications of the 
cartilaginous capsule (exoccipiUils, auditory capsules, quadrate, sphen ethmoid), 
or are investing bones (parietals, frontals, nasals, vomer, parasphenoid). The 
basioccipital and supraoccipital usually remain small cartiLaginous tracts ; but 
except in certain Stegoccphali and a few other forms, the exoccipitals are com- 
pletely ossified and bear the articular condyles. The exoccipitals are of 
considerable size, and enter into the border of the otic region. The latter is 
enclosed V)y small bones corresponding to the pro(>tic and opisthotic of fishes, 
or these may unite into a single clement called the petrosal. The antero- 
lateral walls of the skull remain cartilaginous ; but in the ethmoidal region an 
ossification takes place, forming the “ orbitosphenoid which is usually separate, 
but sometimes (Anura) fuses with the median elements to form a single ring- 
shaped bone (sphenethmoid). 

The cranial roof is formed by the paired parietals, frontals, pre- and post- 
frontals, and nasals ; and in Stegocephalians there are present in addition an 
occipital row of paired postparietals and tabulars, besides the sux)ratemporals, 
intertemporals, squamosals, postorbitals, and lachrymals. A pair of small 
membrane bones, the septomaxillaries, also occur in the border of the narial 
openings.^ The palate is formed as in fishes by a large median parasphenoid, | 
and usually a paired vomer. There is no movable suspensorium for the lower 
jaw ; the cartilage representing it unites with the squamosal above and 
quadrato- jugal below. Sometimes an ossified quadrate is formed at the end of 
the suspensorial cartilage. Attached to the quadrato-jugals in front are the 
maxillae, and anterior to these the premaxillae, which complete the rim of the 
upper jaw in front. Many of the Urodeles have the maxillae and quadrato- 
jugals replaced by connective tissue. Between the quadrate and parasphenoid 
is placed the pterygoid, usually a trifid bone which joins the parasphenoid by 
its shorter arm, while its anterior branch forms the outer border of the palatal 
(or interpterygoid) vacuity. The palatines, when present, usually join the 

^ Weffner, R. iV., Der Stutzknochen, Os Nariale, in der Nasenhohle. Morphol, Jahrb., vol. li., 
p. 413, 1922. 
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anterior ends of the pterygoids, and extend parallel with the maxillae. The 
mandibular ramus is composed of three or more elements, as in fishes. 
The visceral skeleton is formed by the paired hyoid bones, and, in gill- 
breathers, by three or four partially ossified branchial arches. 

The teeth are acutely conical, and are commonly borne by the mandible, 
maxillae, premaxillae, vomers, and palatines. Rarely the parasphenoid and 
pterygoid are armed with minute teeth, and only certain Anura lire toothless. 
Teeth of the acrodont type have their bases implanted directly in the rim or 
top of the jaws ; those of the 
pleurodont type are sunk against 
the inner side of the jaws. As 
in Ganoids and bony fishes, worn 
teeth are not replaced by suc- 
cessors developed beneath them, 
but new teeth are formed inde- 
pendently alongside the old, and 
gradually oust the latter as their 
basal parts become absorbed. 

Amphibian teeth differ from those 
of fishes chiefly in the absence of 
vasodentine ; and the spacious pulp 
cavity, which during life contains 
vascular or connective tissue, 
occurs in the fossil state either 
hollow or filled with mineral 
matter. Some Stegocephalians have complex or “ labyrinthodont teeth, the 
dentine being strongly folded, and almost or completely obliterating the pulpj 
cavity, as in certain Crossopterygian fishes. 

In the pectoi'al arch the scapula is ossified in at least its proximal portion, 
where it joins the coracoid and precoracoid, and forms the articular face for 
the humerus. A bony sternum is usually absent. Stegocephalians are 
peculiar in possessing between the pectoral limbs one median and two paired 
exoskeletal plates, commonly regarded as interclavicle and clavicles, sometimes 
with cleithra above. The fore limb (Fig. 276) is composed of the usual bones, 
humerus, radius, and ulna ; a carpus which is either cartilaginous or consists 
of two rows of ossicles with from one to four separate centralia ; and three, 
four, or five metacarpals which support digits with from one to three phalanges 
in existing Amphibians, often more in the extinct Stegocephalians. 

The pelvic arch is composed of a long and slender bony ilium, which is 
attached either directly to the transverse process of the sacral vertebra, or to 
the sacral rib, and is directed obliquely downward ; a flattened, sometimes 
discoidal bony ischium ; and a cartilaginous or ossified pubis lying imme- 
diately in advance of the ischium. The ilium and ischium usually take part 
together in the formation of the acetabulum, which receives the head of the 
femur. In the Anura the tibia and fibula are fused. The tarsus is carti- 
laginous or composed of several small ossicles, and the pes resembles the 
manus, except that it is usually pentadactyl. 

Pour, Orders of Amphibians are recognised as follows : — Stegocephali, 
Oymnophiona^ Urodela^ and Anura, 
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Order 1. STBaOOEPHALI.i 

Salamander- or Uzard-lilce tailed Amphibians, the cranial roof and usually the 
whole of the cheek covered with plates; pineal foramen always occurring in the 
parietal. Teeth sharply conical, and the walls of the pulp cavity sometimes highly 
complicated by infolding of the dentine. Vertebrae consisting either of simple 
cylinders, or of separate plenrocentra and hypocentra {inter centra), or of completely 
ossified amphicoelous centra. Three exoskeletal plates ptresent in the thoracic region, 
interpreted as clavicles and interclavicle. Usually a ventral and sometimes a dorsal 
armouring of small overlapping scales. 


^ Amman, L, w, Die permischcii Amphibien der Uheinpfalz. Munich, 1889. [Extensive 
bibliography.] — Haur, Q., The Stegocephali ; a l*hylogenetic Study. Anat. Auzeig., vol. xi., 
p. 657, 1896. — Brattson, E. B., Structure and Relationships of Ainericau Labyrinthodontidae. 
Joiirn. Geol., vol. xiii., p. 568, 1905. — Branson, E. B., and Mehl, M. (/., Auditory Organs of 
Some Labyrinthodonts. Bull. Geol. Soc. Anier., vol. 39, p. 485, 1928. — Broili, F., Permische 
Stegocephalen und Reptilien aus Texas. Palaeontographica, vol. li., p. 1, 1904. — Unser Wisaen 
liber die altesteu Tetrapodeii. Fortschr. natiirwiss. Forschuiig, vol. viii., 1913. — Case, E. (J., 
Revision of the Amphibia and Pisces of the Permian of North America. Carnegie Inst. 
Washington, publ. no. 146, 1911. — The Environment of the Amphibian Fauna at Linton, Ohio, 
Amer. Journ. Sci., vol. xliv., p. 124, 1917. — Permo-Carboniferous Red Beds of N. America and 
their Vertebrate Fauna. Carnegie Inst. Wassbington, publ. no. 207, 1915. — Pernio- Carboniferous 
Conditions versus Permo-Carboniferous Time. Jouru. Geol., vol. xxvi., p. 500, 1918. — New 
Reptiles and Stegocepbaliaiis from the Upper Triassic of Western Texas. Carnegie Inst. 
Washington, publ. no. 321, 1922. — Case, WlLliston, anil Mehl, Permo-Carboniferous Vertebrates 
from New Mexico. Carnegie Inst. Washington, publ. no. 181, 1913. — Cope, E. />., Synopsis 
of the extinct Batrachia and Reptilia of North America. Trans. Amer. Phil. Soc., vol. xiv., 
1869. — Ibid. n.a., vol. xvi., 1886.- -Batrachia of the Permian Period of North America. Amer. 
Nat., vol. xviii., 1884. — Synopsis of Extinct Batrachia from tlie Coal Measures. Geol. Siirv. 
Ohio, Palaeontology, vol. ii., p. 351, 1875. — Crcdner, li., Die Stegocephalen aus dem Rothlie- 
gendeu bei Dresden, Parts. I.-X. Zeitschr. Deutsch. Geol. Ges., 1881-93. — Die Urvierfiissler 
(Botetrapoda) der Siichsischon Rothliegenden. Berlin, 1891. — Fritsch, A., Die Fauna der 
Gaskohle und der Kalksteine der Perm formation Bbhmens, vols. i.-iii., 1883-94. — FMrhringer, M., 
Zur vergleichenden Anatomie des Brustschulterapparates und der Schultermuskelu. Jena. 
Zeitschr., vol. xxxiv., p. 215, 1900. — HaugMon, S. H., Descriptive Catalogue of the Amphibia of 
the Karroo System. Ann. S. African Mus., vol. xxii., p. 227, 1925. — Uuene, F. von, Skull 
Elements of the Permian Tetrapo<la. Bull. Amer. Mus. Nat. Hist., vol. xxxii., p. 315, 1913. — 
Huxdey, T. H., Vertebrate Remains from Kilkenny. Trans. Roy. Irish Acad., vol. xxiv., 1867. — 
JaMcel, O., Neues iiber Hemispoiidyla. Palaeont. Zeitschr., vol. v., p. 1, 1922. — Meyer, H. von, 
and Plieninger, T., Beitrage zur Palaontologie WUrttem bergs. Stuttgart, 1844. — Miall, L. C., 
Report on the Structure and Classification of the Labyrinthodonts. Rep. Brit, Assoc., 42nd and 
43rd Meet,, 1874-76. — Muodie, R. L., Lateral Line System in Extinct Amphibia. Journ. 
Morphol., vol. xix-, p. 511, 1908. — The Coal Mea.sures Amphibia of North America. Carnegie 
lust. Washington, publ. no. 238, 1916. — Nopcsa^ F., Notes on Stegocephalia and Amphibia. 
Proc. Zool. Soc., 1930, p. 979, 1931. — Homer, A, S., Vertebrate Faunal HorizoD.s in the Texas 
Permo-Carboniferous Red Beds. Univ. Texas Bull. 2801, p. 67, 1928. — The Pennsylvanian 
Tetrapods of Linton, Ohio. Bull. Amer. Mus. Nat. Hist., vol. lix., p. 77, 1930. — Steen, M. a, 
Amphibia from the Middle Coal Measures of Linton, Ohio, U.S.A. Proc, Zool. Soc., 1930, p. 849, 
1931. — Sushkin, P. P., Modifications of the Mandibular and Hyoid Arches ... in the Early 
Tetrapoda. Palaeont. Zeitschr., vol. viii., p, 263, 1927. — Thevenm, A., Amphibiens et reptile du 
terrain houiller de France. Ann. Paleont., vol. i., p. 145, 1906. — Les plus anciens quadru- 
pedes de France. Loc. eii., vol. v., p. 1, 1910. — Watso^i, 7>. M. S., Brain -case in certain 
Lower Permian Tetrapods. Bull. Amer. Mus. Nat. Hist., vol, xxxv., p. 611, 1916.— Structure, 
Evolution, and Origin of the Amphibia. — The “Orders” Raehitomi and Stereospoodyli. Phil. 
Trans. Roy. Soc., vol. 209 b, no. 360, 1919. — Evolution and Origin of the Amphibia. Loe. cit, 
vol, 214 b, no. 416, 1926. — Carboniferous Amphibia of Scotland. Palaeont. Hungarica, vol. i., 
p. 221, 1930.— Williston, 8. W., Primitive Structure of Mandible in Reptiles and Amphibians. 
Journ. Geol., vol. xxii., p. 410, 1914.— Restorations of some American Permo-Carboniferous 
Amphibians and Reptiles, hoc. cU., vol. xxii., p. 67, 1914. —Synopsis of American 
Permo-Carboniferous Tetrapoda. Contrib. Walker Mus, Chicago, vol. i., no. 9, p. 193, 1916, 
— Wi7nan, 0., Hintcrhaupt der Labyrinthodonteo. Bull. Geol. Inst, Upsala, vol. xii., p. 3, 
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The Stegocephalians range from the Lower Carboniferous to the Upper 
Trias, and comprise the largest known Amphibians. A tail is invariably 
present, and in most cases there are two pairs of limbs ; only a few genera are 
apparently destitute of limbs. 

Unlike recent Amphibians, most Stegocephali possess a well-developed 
dermal armour of bony scales or scutes, which almost always covers the 
ventral surface of the body, and sometimes also extends to the under side of 
the limbs and the back (Fig. 277). The ordinary dorsal scales are thinner 
than the abdominal scales, and are usually round or oval, but they are some* 


A 



Flo. 277. 


A, Ventral .armour of Branch iomurns ; B, acutes of 
Branchiomunis 6’, of JIylonomuK\ i), of Pelo»aurus ; 
K, of Arclififjomu I'uff \ F, of Sclentcftphabis ; <7, of Disru- 
muruH ; JI, of PtttroUUHfi (after CredutTX 


times accompanied by thick sculp- 
tured plates, which are fixed to the 
expanded upper ends of the neural 
spines (Fig. 278). The ventral 
scutes are sometimes thickened, 
and always arranged in regular 
series. The abdominal series form 



domurus chiton Broili, supporlinK 
dermal plates. Pernii.an ; Texas. 
/>, liypocentrum ; pi, pleurocen* 
trum (restored); p.sp, spinous 
process ; jrrz, prezygapopriysiH ; 
)>iz, postzygapophysis ; i*, orna- 
mented dermal plate. Somewhat 
m.agnitied (after llroili). 


oblique rows converging forwards at a sharp angle along the median line, but 
those covering the thoracic, pectoral, and caudal regions, and under side of the 
limbs are arranged in different patterns. The scales are of true bony tissue, 
and vary considerably in form, the more common varieties being oval, 
rhomboid, hexagonal, oblong, fusiform, or rod-shaped (Fig. 277).^ 

The vertebral column usually remains in an embryonic condition, and 
recalls that of Ganoid fishes. The degree of persistence of the notochord is 
very variable, but only the most specialised genera have it completely 
interrupted by ossification of the centra ; in the Phyllospondyli {Branchio- 
sauridae) it is completely persistent. 

Ossification of the vertebral column is least extensive among the Phyllo- 
spondyli (Figs. 279, 280), where, in the absence of pi eurocentra, the neural 
arch itself extends downward and joins a pair of delicate hypocentra (or 
intercentra) to enclose the notochord and to form transverse processes 
for support of the ribs. In the Lepospondyli (Fig. 281) the notochord is 
persistent and encased in constricted bony cylinders, which are hourglass- 
shaped in longitudinal section. In some genera, however, the continuity of 

^ Br<yUi^ F*., Hautbedeckung der Arckegosauridae uiid Actinodontidae. Zeitsckr. Deutscb. 
Geol. Oes., vol. Ixxij., Abb. p. 376, 1927. 
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the chord is' all but interrupted by ossification of the middle portion of the 
centra. 

The Temnospomlifli ^ at first have the vertebrae composed of several distinct 


pieces. Ossification begins with the 



Fig. 279. 

Phyllospondylous dorsal vertebra of Branching 
muru», in side view (/I), and in front view (il). 
OJi, neural arch ; JPr, j)rezygapophysis ; Pa, post- 
zygapophysis ; Pf, transverse process ; Sp, neural 
spine; IVK, hypocentra. Much magnified (after 
Credner and Thevenin). 


neural arch, whose halves remain separate 



Fig. 280. 


Phylhwpondylous veriebrae of Draiichiosauras avnJ>ly- 
afomvs Credner. Magnified (after Credner). ch, noto- 
chord ; d, transverse process ; n, neural areh ; sp, neural 
spine ; z, zj'gapophysis. 


at first, but later coalesce and are continued above into a stout and sometimes 
distally thickened spinous process. The centra may be either embolonurons, 
rhachitomous, or stereospondyloiis. Those of the embolonierous type consist each 


B D 



Fio. 281. 


Lepospondylous vertebrae. A, Two vertebme of Ifylmomva iii horizontal longitudinal section, showing 
cavity for notochord; B, C, dorsal vertebia of Uylowmva in side view and cross-section; D, E, dorsal 
vertebra of THplocaulus in side view and from above ; F, caudal vei tebra of Urocordylus in side view, c, rib ; 
Ch, space for notochord ; d, diaijophysis of ti-ansverse process ; S, space for spinal chord ; p, parapophysis 
of transverse process ; UB, haemal arch ; WK, centrum ; Za, zyganfrum ; Zap, zygosjihene ; other letters as in 
Fig. 279. At after Credner ; B-E after Broili ; F, after Schwarz. Much magniflcKl, except i>, K, about 1/2 iiat. 
size. 

of two complete rings or perforated discs, of which the anterior (Jiypocenirum 
or intercentmm) bears the neural and haemal arches, while the posterior {pleuro- 
centrum) is without arches or onjy shares the support of the neural arch 

* BroUit F,, Die Rhachitomen Wirbel der Stegocephalen. Zeitschr. Deutsch. Geol. Gefl., vol. 
60, Monatsb., p. 235, 1908. — Cope^ E, />., Intercentrum of the Terrestrial Vertebrata. Trans. 
Amer. Phil. Soc., vol. xvi., p. 243, 1886. — (Jadow, //., Evolution of the Vertebral Column of 
Amphibia and Amniota. Phil, Trans. Roy. Soc., vol, 187b, p. 1, 1896.— Wirbelbau bei 
den Reptilien, etc. Zeitschr. f. wiss. Zool., vol. 62, p. 343, 1897.— .fl'wcwe, F. vow, Phylogenetische 
Bedeutung des Wirbelbaues der Tetrapoden. Palaeont. Zeitschr., vol. vii., p. 260, 1926. — 
Jahydev^ iT. AT., Primary Factors in the Evolution of the Vertebral Column. Trav. Soc. Natural. 
P^trograd, vol. i,, p. 9, 1920. — MacBride, E. TV., Development of the Vertebral Column. Biol. 
Reviews (Cambridge), vol. vii., p. 108, 1932.— *ScA«oarz, /T., Morphogenie der Wirbelshule der Tetra- 
poden. Sitzb. Ges. naturf. Freunde, Berlin, 1908, p. 315. — Wirbelsaule uud Rippen holospondyler 
Stegocephalen. Beitr. Geol. u. Palaont. Osterr. -Ungams, vol. xxi., p. 63, 1908.— W/is/ow, S. TV., 
Signi&cance of Hypocentra and Pleurocentra. Bull. Geol. Soc. America, vol. xxi., p. 265, 1910. — 
Development of Holospondylous Vertebrae. Journ. Geol., vol. xviii., p. 594, 1910.— Evolution 
of Vertebrae, Contrib. Walker Mus. Chicago, vol. ii., p. 75, 1918. 
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Fio. 262. 

Thrpfi ein bolomeroua 
v<U'tt*l)ra« of Diplovertehron 
]n(nr.tatnm Kritsch. Lower 
Permian ; J3ol»einia, Nat. 
size (attoi‘ A. Fritsch), 


(Figs. 282, 283). Those of the rhachitomous type (Figs. 284, 285) are 
formed by a horseshoe-shaped basal piece {hypocentrum or intercentrum), the 
tapering extremities of which are directed upward, and a pair of lateral pieces, 
or pleurocentra ; a structure which is paralleled in certain Ganoids {cf. Fig. 167). 
The hypocentrum usually ossifies in advance of the pleurocentra, and lies 
directly underneath the neural arch. Occasionally the 
pleurocentra are subdivided into two pairs, as in the 
anterior caudals of Archegosaurus (Fig. 284, 7^). 

The centra of the stereospondylous type lose the 
pleurocentra completely (or retain only occasional vestiges 
of them), while the intercentra form solid bony discs, 
sometimes perforated for the passage of the notochord. 

There is usually but one cervical vertebra, the atlas 
(Fig. 286), which is concave in front and faceted to 
receive the occipital condyle or exoccipital condyles, but 
bears neither ribs nor anterior zj^gapophyses. Most or all of the presacral or 
dorsal series bear ribs, which may be either single- or double-headed. In 
most groups there is a single sacral vertebra provided with a pair of stout 
transverse ])rocesses for the attachment of sacral ribs ; but in some of the 
primitive Emholomeri there appear to be two or three sacral vertebrae, with 
the slender ilia overlapjung the sacral ribs. Haemal 
arches (haemapophyses, “chevron bones’^) are borne by 
the caudal vertebrae. 

The cranium (Figs. 287-292) usually exhibits the 
depressed, broadly triangular form characteristic of Amphi- 
bians, but is completely covered with bony plates which 
are arranged very differently from those of modern Amphi- 
bians, and agree cl#sely with those of the Palaeozoic 
Crossopterygian Ganoid Fishes. The cranial plates are 
usually ornamented externally with radiating sculpture, 
pittings, or punctae ; and sensory canals are often con- 
spicuous, one longitudinal pair forming the so-called lyra 
between the orbits and narial openings (see especially Figs. 
311, 312, 316). 

The cranial reef (Fig. 287) is pierced by several aper- 
tures, the largest of which are the orbits, and around 
them there is often a sclerotic ring. The anterior or 
external nares gre placed close to the border of the snout, 
and separated from each other by a considerable interval. Another and smaller 
opening occurs at the median suture between the parietals, corresponding in 
position to the pineal foramen of Lizards. 

The thin, flat bones constituting the cranial roof are of dermal origin, as in 
the cartilaginous Ganoids. The brain cavity is protected by the large, paired 
parietals (P), posterior to which are two pairs of bones corresponding with the 
supratemporals of fishes, the outer forming the inner and hinder angle of the 
otic or auditory notch (Os). The inner or median pair of supratemporals are 
now commonly described as postparietals or dermo-supraoccipitals (PP), and 
the outer or lateral pair as taWlars {Tb\ The plate anterior to the tabular is 
usually called the supratemporal or suprasquamosal {St), and to the side 
and in front of this lies the large, posterior cheek plate (5), which is now 



Fi(i. 283. 

Interceiitral disc of Iot- 
omma boarin^ neural arch. 
English Cotil 
1/2 nat. size. 


Measures. 
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usually identified with the squamosal 
tabulars are wanting in all modern 
and between the orbits is a pair < 
and anterior to these a pair of large 

A 



RhadiitoniouH vertebrae of Arvheinmiurva^ dorsal 
haemal arch; hyc^ iTiterc(*ntruni (hy|><>eeiitnnn); ii 
region; plv.^ pleurocentra ; »p, neural spine; z, zyga| 


The supratemporals, postparietals, and 
Amphibians. Anterior to the parietals 
3f usually elongate narrow frontals (/), 
nasals {N) with openings for the external 

B 



284. 

(A) jiTul eaiidal (It). Lower Permian ; Germany, hn, 
f'liial arch ; pZa, 8ui)i)lementary pleurocentra in cutnlul 
f)physe8. About nai. size. 


nares at their anterolateral angles (Ch). A pair of curved dentigerous 
premaxillae (Pm) terminate the snout in front. 

The frontals rarely enter the border of the orbits. These openings are 
usually bounded behind by the postorbital (Po) and postfrontal, the latter plate 
being invariably present; mesially by the postfrontal (Ptf) and prefrontal 



Fio. 285. 

Rhachltomoub vertebra of KryojiSf inside 
view (A) and from behind (B). Permian ; 
Texas. H, intercentrum (hypocentrum) ; 
OBf nenral arch ; P, pleurocentra ; Pr, pre- 
zygapophysis ; Ps, iwstzjgapophysis ; Sp, 
neural spine. About Vs nut. size (after 
Broili). 




Fio. 286. 

A, Atlas vertebra of DiplocauluSt from below (a) and 
in front (6), after Broili. B, atlas vei-tebra of Dis- 
sorophus, from in front (a) and behind (5), after Williston. 
Cf facets for occipital condyles; Ch^ canal for noto- 
chord ; Ji, canal for spinal chord. About >/2 nat, size. 


(Prf) ; and exteriorly by a long cheek plate called the jugal (J). Very often 
a narrow bone, the lachrymal (X), is inserted between the prefrontal and jugal, 
but it is usually pushed forward in advance of the orbit. The postero-inferior 
cranial angle is formed by the quadrato- jugal (Q/), and within it is a distinct 
quadrate bone. Joining the jugal or quadrato-jugal in front is the maxilla 
(M)f a long, narrow, gently curved bone, which completes the outer border of 
the cranium as far as the premaxillae. 

In the early Palaeozoic Stegocephalians the brain case seems to have been 
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comparatively well ossified, and in the genera in which the occiput has been 
observed there is a single concave occipital condyle, formed chiefly by the 
basioccipital, but partly also by the exoccipitals. Each exoccipital just reaches 
the vagus nerve in front and is pierced by a small foramen apparently for 
the exit of the hypoglossal nerve {XII) behind. The front part of the brain 
cavity lies in the upper part of a thick interorbital septum (Fig. 288). In the 


latest Triassic Stegocephalians (Figs. 289, 
andsupraoccipital are reduced and scarcely 
if at all ossified, and there is a pair of 
condyles formed solely by the exocci- 
pitals. The vagus foramen is included 
within the exoccipital, and the hypo- 
glossal nerve (AT/) eventually passes out 
behind the skull. The front part of the 
brain cavity then extends downward to 
be floored by the parasphenoid, as in 
modern Amphibians. 

The under side of the cranium (Figs. 
291, 292) is remarkable for the great 
development of the parasjdienoid (Faph), 
^which usually expands posteriorly into 
a broad, thin plate. It extends forwards 
as a long, slender bone {cultriform process), 
and unites with the relatively large vomer 
(V), the latter element being paired in 
the earlier, unpaired in the later forms. 
The vomer usually joins the premaxillae 
(Pmx) anteriorly, and is bounded ex- 
teriorly by the maxillae (Mx), the internal 
nares, and front portion of the palatines 
(PI). Its broad, flat surface is either 
edentulous or set with minute teeth, but 
occasionally one or two powerful tusks 
are present in front of the narial openings, 


290) the basioccipital, basisphenoid. 



Fu». 28T. 


Cranial roof of ('orhleosawnfn hohemicus Fritsch. 
Lowtir rerriiiiin; Holiomia. C, occipital condyles; 
(7{, external nostril ; F, frontal ; J, ,1uga) ; Jr,* 
suppost-id intei’teinponil ; />, lachrymal ; Af, max- 
illa ; N, nasal; 0, orl]|^ -^^ith sclerotic ring; Os, 
auditory notch; 1\ parietal; Pw, prornaxilla; Po, 
posUn bital ; pp, postparietal ; /'r/, prefi’ontal ; 
Ptf, postfrontal : Qj, quadrato-jugal ; S, squamosal ; 
St, supratemporal ; Th, tabular. About 1/2 nat. 
size (after Broil i). 


and there is a series of smaller teeth bordering the anterior and lateral edges of 


the vomer. 


The pterygoids (Pt) are relatively large triradiale bones, which articulate 
with basipterygoid processes of the basisphenoid (Bs) in some of the earlier 
Stegocephalians (Fig. 291), with the edges of the hinder expansion of the para- 
sphenoid in other and later forms (Fig. 292). The large forwardly directed 
ramus, which often extends to the vomer, is very broad in the most primitive 
early forms, reducing the interpterygoid vacuity to a narrow slit (Fig. 291) ; 
but it becomes narrower and shorter in the more specialised forms, and the 
interpterygoid vacuity is relatively wide (Fig. 292). Its short posterolateral 
ramus extends to the quadrate and quadrato- jugal. The palatines (PI) adjoin 
the vomer and anterior extremities of the pterygoids. They are bordered 
externally by the maxillae, as a rule, and anteriorly by narial openings. They 
frequently bear teeth. A transverse (ectopterygoid) bone (Tr, Fig. 291) is 
sometimes distinguishable behind the palatine. 

The lower jaw (Fig. 293) of nearly all Stegocephali extends the full 
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length of the skull, and in consequence the gape of the mouth is very wide, as 
in Afiara. In complexity it approaches that of the Palaeozoic Crossopterygian 


A 



Ganoids, and the union of the two rami in front seems to have been usually 
ligamentous. The dentary bone (d) forms the greater part of the mandibular 
symphysis, and extends along the oral border of the ramus bearing the teeth. 
Below and within the anterior portion of the dentary is the comparatively 
small splenial (s and sp), which also enters the symphysis and is followed 
behind by a postsplenial (or preangular) (ps). Then, on the outer face and 

lower border, there is the large 
angular (a^), which extends to the 
stout articular (a?’). The latter bone 
bears a deep, transversely extended 
facet for articulation with the quadrate 
of the upper jaw. On the inner face 
there is a large prearticular (or 
goniale) (par), and along the upper 
border there may be separate bones 
known as coronoid (c\ intercoronoid 
(ic), and procoronoid (prr). The teeth 
are in regular series, decreasing in 
size posteriorly ; though sometimes one or two greatly enlarged teeth occur at 
the symphysis. 

The teeth^ of the smaller Palaeozoic Stegocephalians are smooth, slender, 
hollow, and conical (Figs. 294, A, B\ and implanted either directly in the 
supporting bone, or attached by a cement base. Very often the lower half or 
two-thirds of the crown is externally grooved or striated, in which case a 
radial infolding of the dentine extends for an equal height (Fig. 295, JB). 
Numerous fine dentine tubules extend downward toward the periphery, and 
tangentially to the walls of the radial prolongations of the pulp cavity. In the 

^ Oredner^ //.jKur Histologie der Faltenzabne palaozoischer StegocephalcTi. Abhandl. k. sachs. 
G^s. Wiss., math.-phys. Cl., vol. xx., p. 477, 1893. 
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Fig. 289 . 


Occiput of Mastodonsaurus gigantew Jj4rer. Upper 
Triassic ; Wtirtemberg. C, occipital condyle ; Eo, ex- 
occixntal ; A'o/;, either basioccipit^al or fuaeti lower pnjcesseH 
of exoccipitalM ; Eol, opisthotic ; Fm, foramen inagnuin ; 

p( • • . . 

rato-ji „ . , . 

(after B. Fraas). ' 


t rdWj upioLuui/iu f r juiaiutru , 

, poHtparietals ; Pi, pterygoid ; Q, quadrate ; Q;, quad- 
D-jugal; Sf squamosal; Tb, tabulai'. Much reduced 
«r E. Fraas). 
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more complicated teeth, secondary and even tertiary branching of dentine 
tubules may occur, and at the same time undulating or tortuously folded layers 
of cement, such as covers the exterior 


of the tooth, may become intercalated 
between the bundles of dentine 
tubules. This gives rise to the highly 
characteristic lahyrinthodont structure, 
which reaches its extreme develop- 








Pm. 290, 

Occiput of I{(Ur(U’hosu.chu8. Middle Triassic ; South 
Africa. A’o, exoccipital ; PFo, post -temporal foHsa; 
/’/*, p(»stpai“iotal ; Pa, jjarasphenoid ; Pt, pterygoid; Q, 
<iuadratc ; Sq, NqiinmoKal ; St, stapes ; 'I'h, tabular; X, XII, 
foramina for nerves. Much reduced (after Watson). 


1 




Fm, 291. 

Palate of iMxovima (Orthoaaiirm). C<»!il 
Measures; Eiijfland. Ho, Itasiocciphul ; Pa, 
biisisphcnoid ; JCo, excjccipitui ; J, jugal ; Mx, 
maxilla; Pa, palatine; Pnix, premaNiUii; Pt, 
pterygoid; (;), quadrate ; (J/, qua<lrato-jugal ; Sq, 
squamosal; Tr, transverse (<^ct<»pt.ei ygoid) ; 
V, vomer. Nearly 1/4 size (after Witson). 



Palate of Branrhioaaurus, restored by Ci'edner. 
Lower Permian ; Saxony. Mx, maxilla ; PI, palatine ; 

pi-emaxilla; PSph, parasphonoid ; Pi, pterygoid ; 
Qrt/, quadrato-jugal; Fo, vomer. Twice nat. size. 



Fio. 298, 


Lower jaw of Tritnerorhachia, inner (A) and outer (P) view. Permian; Texas, ag, angular; at, articular ; 
c, coronoid ; d, dentary ; to, intwcoronoid ; par, prearticular or goniale ; prc, procoronoid ; pa, {^stsplenial 
or pieangular ; a, ap, splenial. Much reduced (after Williston). 

ment among the larger and geologically later Stegocephalians (Fig. 296), 
and almost or completely obliterates the pulp cavity. The internal structure 
becomes progressively less complicated toward the apex of the tooth ; and above 
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the zone where radial infoldings of the wall leave off, the dentine is traversed 
simply by straight tubules radiating from the pulp cavity. The insertion of 
the teeth may be of the acrodont or pleurodoiit type, as already described, or 
^ they may be seated in shallow alveoli. 

Traces of branchial arches are conspicuous in the 
of several Palaeozoic genera, and they are so close 
j j. to the middle line that they 

fi i doubtless supported internal 

A ^ E gills. The arches persisted 

l\m / in throughout life in the Permian 

JL Vp 4 HhBv J^^'f’inosaurus, and in this genus 

. _T- - ~3 they are so widely separated 

from the median line that 
P,(, o .,4 Fifi. -295. must have supported 

of Jrchegomiurmif on- i i l ‘ll 

jjowet\]a.vr of jirant'hiusan run larj^od. J, outor siirfac«‘. li, permanent large external gills 

with siruplo, Hmooth teeth. J, lower half witli a portion broken .^e Y«Mrixr ^ivicfintr ITvnfh^ln 

Vi. £{, enlarp'fl (after CT(‘(lner), away to show tlie folded dentine. Uiaiiy exiSLlil^ ulUatLii, 

The Stegocephalian pec- 
toral arch (Figs. 297, 298) is of unique construction, differing from that of 
other Amphibians in notable respects. The most characteristic, as well as 
the largest and usually best preserved bones, occupy an external position on 


Tooth of ArchepoxititriiHy en- 
lar};e»l. J, outer surface, li, 
lowei- half with a portion broken 
away to show tlie fohhsl dentine. 


C* 



Fio. 296. 

Ti-anR verse section of tooth of Mastoclonsaurus, Upper Triassic ; Wlirtomberg. c, cf, cement ; p, pulp 
cavity. Three times nat. size (after Owen). 

the thorax between the pectoral limbs. These bones are three in number, and 
as a rule prominently sculptured. The median element, identified as the inter- 
clavicle (episternum or entosternum), varies considerably in form and size 
among different genera. Most frequently it is rhombic, but sometimes trans- 
versely oval, and it may terminate behind in a long median extension. 

Partly overlapping the forward portion of the interclavicle are the paired 
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plates which correspond to the clavicles of other Amphibians. Their posterior 
end is slender and slightly curved upwards; the anterior end is usually 


B 


Fifi. 298, 

Pect-nral JircVi of ('acops axpide- 
jihnrua Williston, dorsal view. Per- 
tnian ; 'I’oxas. cl, clavicle; rr, cleith- 
rum ; co, coracoid; id, intorclavicle; 

Pectoral arch of /{rrtm/i/o.sacrM.'.. B, Mefancrpetoii. d, clavicle; m, ac, scaiada. Willi-s- 

coraeoid; ic7, interclavich* ; .sc, cliMthruiii. Maj^ni lied (after Crcdiier). ton). 

expanded into a triangular or oval plate, often sculptured, but sometimes 
smooth as if it had been embedded in the integument. Adjacent to the 
posterior or distal end of the clavicle there 
is a narrow or rod-like piece with expanded 
distal end, which is evidently the cleithrum. 

The scapula and coracoid are often incompletely 
ossified and scarcely seen in the fossils ; some- 
times, however, they are not only ossified but 
fused together into a single piece. 

'I'he bones of the limbs, so far as known, 
agree in form, number, and arrangement with 
those of living Urodeles. The humerus is 
rarely furnished with articular condyles, its ^ 
extremities remaining as a rule cartilaginous. 

Ulna and radius are always separate, simple, 
more or less elongate, and without articular 
facets. The carpus is imperfectly known; in 
many Palaeozoic genera it appears to have been 
cartilaginous, in others partly ossified. The js 
metacarpals and phalanges are slender and 
elongate, and there are usually only four digits. 

The pelvic arch (Fig. 299) is strongly de- 
veloped, but seldom well preserved. The ilium Peivis of Eryops me^uxphaJus cope, 
{Jt) is short, stout, somewhat expanded at the "'f ‘Sr 

extremities, and attached to a sacral rib. femur; fo, obturator foramen; ji, 

T , . / T \ 1 1 * /Ti7\ .L* '.L ilium; Js, Ischium; Fb, pubis. Much 

Ischium {Js) and pubis {Pb) sometimes unite to reduced (aaer Broiii). 

form a single large plate (ischio-pubis), pierced 

by an obturator foramen {Fo\ or they may remain separate. The inner edges 
of the ischia form a symphysis in the median line. The pubes, which are 
smaller, sometimes remain cartilaginous. 

The hind limb (Fig. 300) is almost always more strongly developed than 
the fore limb. The femur is a strong, elongate bone, without an ossified 



Flo. 299. 
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capitulum, bub often with well-formed distal condyles. Tibia and fibula 
remain separate, and resemble the corresponding bones of the anterior limb. 
The tarsus is either cartilaginous or composed of two rows of small bones, 
with centralia between. The pes is provided with five 
digits, but is otherwise closely similar to the manus ; 
sometimes the second digit is the longest, in other cases 
the third. 

It has sometimes been assumed^ that certain copro- 
lites bearing the mark of a spiral valve, which are found 
with the Stegocephali in Permian formations, belong to 
these primitive Amphibians. There is, however, no 
proof hitherto of the correctness of this assumption, 
and the coprolites in question are probably referable to 
the associated Elasmobranch and Dipnoan Fishes. 

The mode of occurrence of Stegocephalians in the 
Coal Measures, Lower Permian, and Keuper, indicates 
that they usually lived either in fresh w'ater or on land. 
A few forms, however, found abundantly in marine 
Triassic deposits in Spitsbergen, may have existed in 
the open sea. Some of the smaller species appear to 
have tiiken refuge or fallen into hollow tree stumps, since 
in Nova Scotia, at least, their remains are commonly 
found in cavities of decayed Sigillarian and Lepidoden- 
droid trunks.2 The larger forms, some of which attained 
gigantic size, were predatory, and probably subsisted on 
other amphibians, fishes, and crustaceans. From the 
tmVitt r V, tiliuTa; / of the skull and tho relative size of the paired 

Hmbs, it may be inferred that the known Carboniferous 
phaiariKes. Much and Permian groups were mainly d'wellers in swamps 

reduced (after AVillistoii). . . . i. ■ i . i_ m • • *1 

or even in part terrestrial, the Inassic groups mainly 
aquatic. The largest species are Upper Triassic. 

As originally pointed out by Cope, the temnospondylous Stegocephali are so 
closely similar to the Cotylosawria (p. 240) that they may be regarded as the 
direct ancestors of the Reptilia. According to D. M. S. Watson, the evolution 
of some of these Stegocephali is also in the direction of the modern Amphibia, 
The acquisition of a double occipital condyle, the gradual enlargement of the 
interpterygoid vacuities in the palate, and the ultimate articulation of the 
hinder part of the pterygoids with the parasphenoid, are all characters 
approaching those of the existing Urodela and Anura, 



Fio, 300. 

Left hind liml) of Tnmatopa 
milleri Willi.stoii, hinder view. 


Sub-Order L TEMNOSPONDYLI.^ 

Notochord more oi' less persistent. Vertebrae usnalhj composed of sereral pieces^ 
sometimes embolomerom, sometimes rhachitomous ; in later types stereospondylous, 

^ Neuniayer.L.i Die Koprolithen des Perms. Palaeontographica, vol. li., p. 121, 1904, — Wood- 
imrd^ A. S.f The so-called Coprolites of Ichthyosaurians and Labyrinthodonts. Geol. Mag, [6], 
vol. iv., p. 640, 1917. 

'■* Dawmm^ J, Recent Explorations of the erect Trees containing Animal Remains in the 
Coal Formation of Nova Scotia. Phil. Trans. Roy. Soc., vol. 178, p. 621, 1882. 

^ Broom^ R„ Permian Temnospondylous Stegocephalians of North America. Bull. Anier. 
Mas. Nat. Hist., vol. xxxii., p. 663, 1913. — Moodie, R, Z., The Temnospondylous Amphibia 



OBDEB 1 


STEGOCEPHALI 


203 


Basioccipiial region and carpus and tarsus usually ossified. Teeth with radially 
infolded walls. 


A. EMBOLOMEEI.^ 

Basioccipiial and basisphenoid ossified ; occipital cmidyle concave, single or triple, 
Sapraoccipital usually ossified. Pterygoids movahly articulating with facet on 
hasipterygoid processes of basisphenoid, expanded and meeting in symphysis in front ; 
inter pterygoid vacuities very small. Tabular and postparietal bones ustially without 
occipital flanges. Vertebrae embolomerous. Bibs double-headed. 


Family 1. Anthracosauridae.^ 

Occipital condyle single or triple. Tabular hone with a posterior process, which 
nitty support the pectoral arch. No post-temporal fossae. Clavicles are fiat plates 
with parallel anterior and posterior margins. Carboniferous and Lower Permian. 

Anthracosaurus Huxley. Skull somewhat longer than broad, with bluntly 
rounded snout. ()r})its small and close together in middle of skull. Teeth 
round or ovoid in section, with fine vertical striations at the base and 
compressed to two sharp edges at the apex ; large tusks on the transverse 
(ectopterygoid) and palatine bones. Vomer toothless. A. russelli Huxley, 
with skull nearly 40 cm. long. Upper Carboniferous (Lower Coal Measures); 
Airdrie, Lanarkshire. 

Pteroplax Hancock and Atthey. Coal Measures ; Northumberland. 

Otocralia Watson. Otic notch closed behind, becoming foramen. Lower 
Car])oniferous ; Kurdiehouse, Midlothian. 

Palaeogyrinus AVatson. Coal Measures ; Fifeshire. 

Eogyrinus Watson. Coal Measures ; Northumberland and Staffordshire. 

Pholiderpeton Huxley. Coal Measures ; Yorkshire. 

Diplovertehron Fritscli {Gephyrostegus tiaekel) (Fig. 282). Poof of skull 
thin above the temporal region. Five digits in manus, with 2, 3, 3, 3, 4 
phalanges. Sclerotic plates conspicuous. Pubis probably not ossified. Lower 
Permian (Gas-coal); Niirschan, Bohemia. 

? Nummulosaurus Fritsch. L, Permian ; Bohemia. 

Eobaphetes Moodie {Erpetosuchus Moodie nec Newton). Coal Measures ; 
Kansas, U.S.A. 

and a new species of Eryopa from the Permian of Oklahotna. Kansas Univ. Sci. Bull., vol. v., p. 
235, 1911. — Watson, 'D. M. S., The “Orders” Rachitomi and Stereospondyli. Phil. Trans. Roy. 
Soc., vol. 209b, no. 860, 1919. 

^ Barkas, T. P., Illustrated Guide to the Fish, Amphibian, etc., Remains of the Northumber- 
land Carboniferous Strata. London, 1873. — Watsmi, D. M. S., The Evolution and Origin of the 
Amphibia. Phil. Trans. Roy. Soc., vol. 214b, no. 416, 1926.' — The larger Coal Measure 
Amphibia. Mem. and Proc. Manchester Lit. and Phil. Soc., vol. Ivii., no. 1, 1912. 

2 Atthey, T., Anthracosaurus russelli Huxley. Ann. Mag. Nat. Hist. [4], vol. xviii., p. 146, 
1876. — Pteroplax cornuta H. and A. Loc. cit., vol. xx., p. 369, 1878. — Hancock, A., and 
Atthey, T,, Notes on the Remains of some Reptiles and Fishes from the Shales of the Northumber- 
land Coal Field. Ann. Mag. Nat. Hist. [4], vol. i., p. 266, 1868. — Mandibular Ramus of Anthraco- 
smrus russelli. Loc. cit., vol. vii., p. 73, 1871. — Huxley, T. H., Anthracosaurus russelli, a new 
Labyrinthodoiit from the Lanarkshire Coal-field. Quart. Journ. Geol. Soc., vol. xix., p. 66, 
1863. — New Labyrinthodoiit from Bradford [Pholiderpeton scutigerum\ Loc. cit., vol. xxv., 
p. 309, 1869. — Jaekxl O,, (J^hyrostegus bohemiem, Zeitschr, Dentseb. Geol. Ges., rol. liv., 
p. 127 1902. 
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? Ichthyerpeton Huxley. Coal Measures ; Kilkenny, Ireland. 

1 Crasdgyrinus Watson. Lower Carboniferous ; Midlothian. 

Family 2. Loxoxnmidae.^ 

Occipital condyle triple ; tabular hone with small posterior process ; large post- 
temporal fossae. Orbit extended as vacuity forwards. Carboniferous and Lower 
Permian. 

Loxomma Huxley {Mioganodus Owen; Orihosaurus, Megalocephalus Barkas) 
(Figs. 283, 291, 301). Skull somewhat longer than broad, with rounded 
snout. Orbits far back. Teeth much laterally compressed to two sharp 

edges, but with round tumid base, which is 
coarsely fluted ; large tusks on the vomer, 
palatine, and transverse (ectopterygoid) bones. 
L. allmani Huxley, from Lower Carboniferous, 
Gilmerton, near Edinburgh. L. acutirhinus 
Watson, from Upper Carboniferous (Lower 
Coal Measures), Airdrie, Lanarkshire. L. 
pachycephalus Barkas sp., with skull 30 cm. 
in length, from English Coal Measures, con- 
sidered by Watson to differ generically from 
Loxomma in the absence of an intertemporal 
bone and the presence of an anterior palatal 

rj<i. * * 

Cro88.»,«Monoft<».thof vacuity. ? L. hohemkum Fritsch, from Lower 

muruiCi, iimr the base. EniarKe<i. Coal Permian, Nurschan, Bohemia; and fragments 

Measures ; Northumberland (after JKinbletoii ’t* ® 

and Atthey). pulp cavity. from Coal Mcasures, Linton, Ohio. 

Baphetes Owen. Coal Measures ; Nova 
Scotia, and perhaps Fifeshire and Lanarkshire, Scotland. 

Macrerpeton Moodie. Coal Measures ; Linton, Ohio. 

Spathicephalus Watson. Lower Carboniferous ; Midlothian. 

Family 3, Pholidograsteridae.^ 

Vertebrae partly rhachitomous. Clavicles with triangular expansion on ventral 
surface. Lower Carboniferous. 

Bholidogaster Huxley. Trunk very long and slender, with small feeble 
limbs. Pectoral arch apparently far back. Strong ventral armour of scutes. 
P. pisciformis Huxley, more than a metre long, from the ironstone of Gilmerton, 
near Edinburgh. 

Family 4, Oriootidae.^ 

Snout much elongated ; large oval orbits in hinder half of skull. Tabular bone 
with a posterior process^ which may support the pectoral arch. Clavicles with 

^ Einhleton, /)., and Atthay^ T., Skull and other bones of Loxomma. Ann. Mag. Nat. Hist. 
[4], vol. xiv., p. 38, 1874. — Huexley, T. H.y A new and large Labyrinthodont {Loxomma aUmanni 
Huxley) in the Gilmerton Ironstone. Quart. Journ. Geol. Soc., vol. xviii., p. 291, 1862. — 
Owen^ R.i Fossil imbedded in a mass of Pictou Coal from Nova Scotia [Baphetes planiceps\ 
Quart. Journ. Geol. Soc., vol. x., p. 207, 1854. 

2 Huxley ^ T. JST., Pholidoga^ter pisciformis Huxley. Quart. Journ. Geol. Soc., vol. xviii., 
p. 294, 1862. — Watson^ />. M. N., Palaeont. Hungarica, vol. i., p. 230, 1930 (wrongly dated 1926). 

^ Case, E. O., Carnegie Inst. Washington, Pobl. 146, p. 78, 1911, and Publ. 207, p. 168, 
1916 ; Science, n.B,, vol. xlii., p. 797, 1916. 
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triangular expansion on ventral surface. Lower Permian and probably Upper 
Carboniferous. 

Cricotus Cope. Head bones feebly sculptured, sensory canals well marked. 
Teeth of unequal size. Ventral scutes rhomboidal. C. heteroclitus Cope. 
Lower Permian ; Texas, U.S.A. Species also in L. Permian of Illinois and 
Kansas. 

Cricotillus Case. Lower Permian ; Oklahoma, U.S.A. 

? Spondylerpeton Moodie. Coal Measures ; Mazon Creek, Illinois. 

1 Maenmerion Fritsch. Lower Permian ; Bohemia. 

1 Leptophractus Cope. Coal Measures ; Linton, Ohio. 


Family 5. Seymouriidae.^ 

Skull triangular^ with large oval orbits in liimler half. Occijntal condyle single. 
Tabular and postparietal boms with occipital flanges. Plenrocentra reMivchj small. 
Clavicles expand^ on ventral surface. Permian. 

This family has usually been assigned to the Cotylosaurian Reptiles, but it 
is referred to the Stegocephali by Broom and also by Susbkin, who describes 


B 



Fig. 302. 

Seymouria baylorensis Broili. Skull from above (/I), below (7i), and in occipital view (C). Lower Ferniian ; 
Texas. Bo, basioccipiUl ; Bs, basispheuoid ; Ko, exoccipital ; F, fiontal ; Fp, pineal foramim ; Jt, inter- 
temporal ; J, jugal ; L, lachrymal ; M, maxilla ; N, nasal ; 0, otbli ; Op, opisthotic ; P, parietal ; Pa, palatine ; 
Pm-, premaxilla ; Po, postorbital ; Pji, postparietal ; Prf, prefrontal ; Pro, prootic ; Pt, pterygoid ; Ptf, jwst- 
frontal; Q, quadrate; Qj, quadrato-jugal ; Sq, squamosal; St, supratemporal ; J’b, tabular; Tr, transverse 
(ectopterygold) ; V, vomer ; X, doubtfully separate baslpterygoid process. Vs uat. size. .4 after Broili ; B, C 
after Watson. 

the stapes as not abutting on the quadrate but tapering distally with a facet 
towards the otic notch for connection with the tympanic membrane. The teeth 
are labyrinthodont in structure, and the mandible is typically Stegocephalian. 
Seymouria Broili (Conodectes Cope; Desmospondylus Williston) (Fig. 302). 

^ Broili, F., Zabnbau von Seymouria. Anat. Anzeig., vol. 63., p, 186, 1927.~^roo?n, R., 
Persistence of the Mesopterygoid in Reptilian Skulls. Proc. Zool. Soc., 1922, p. 455. — 
Pmraon, H. S., Solenodoiiaaurus Broili. Ann. Mag. Nat. Hist. [9], vol. xiv,, p. 338, 1924. — 
Romer, A. S., A Skeletal Model of the Primitive Reptile Seymouria. Jonrn. Geol., vol. xxxvi., 
p. 248, 1928. — Sushkin, P. P., Representatives of the Seymouriamorpha. Occaa. Papers Boston 
Soc. Nat. Hist., vol. v., p. 179, 1926. See also Palaeont. Zeitschr., vol. viii., p. 309, 1927.— 
Watson, D. M. 8 ,, On Seymouria. Proc. Zool. Soc., 1918, p. 267. — WUliston, S. W., American 
Permian Vertebrates (Chicago, 1911), p. 48. See also Journ. Geol., vol, xix., p. 232, 1911. 
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Head and clavicular bones sculptured. Prootic bone reaching cranial roof, and 
ear cavity opening into brain cavity. Otic notches narrow and deep. Supra- 
occipital not ossified. Twenty-three presacral vertebrae, ribs double-headed, 
and spinous processes low. A single sacral vertebra. A separate coracoid. 
Khomboidal interclavicle with hinder process ; apparently no cleithra. No 
abdominal ribs or plates. Humerus with enteincondylar foramen. Carpus 
and tarsus incompletely known. Phalangeal formula, 2, 3, 4, 5, 3. S. 
baylorensis Broili (Fig. 302), with skull about 12 cm. long, from Lower Permian, 
Texas, U.S.A. 

Kotlassia Amalitzky. Skull more depressed, with larger post-temporal 
fossae; pleurocentra smaller. Twenty-six presacral vertebrae, one sacral. 
K, prima Amalitzky, from Upper Permian, North Dwina, Kussia. 

Karpinskiosaums Sushkin. Eighteen presacral vertebrae, two sacrals; neural 
spines thickened distally. Upper Permian ; North Dwina, Russia. 

Solenodonsaurus Broili. Lower Permian (Oas-coal) ; Bohemia. 

B. RHAOHITOMI. 

Basioccipital and hasisphenoid ossified ; occipital condyle triple or double. 
Pterygoid articulating with both hasisphenoid and parasphemdd. Inter pterygoid 
vacuities of medium to large size. Tabular and' postparietal bones with occipital 
flanges. Vertebrae rhachitomous. 

Fam i 1 y 1 . Archegosauridae. ^ 

Skull elongated in adults the comparatively small orbits far back. Occipital 
condyle triple^ ossified only in adult. Pterygoids reaching the vomer. Pubis un- 
ossified. Dermal scales sparse^ rounded^ concentrically striated, Permian and 
Permo Carboniferous. 

Archegosaurus v. Meyer (Figs. 277, E; 284, 295, 303, 304). Skull in 
the young obtusely triangular, scarcely longer than broad, but becoming 
greatly elongated in the adult, with broad, anteriorly rounded snout. 
External bones radially sculptured, sensory canals feebly marked. Orbits 
situated in about the middle of the skull in the young, and in hinder 
portion in mature individuals; sclerotic ring of 20-23 plates. External 
nares elongate, far forwards. Postorbitals triangular, squamosals very large, 
lachrymals long and narrow, basioccipital region not ossified in young, 
palatal vacuities large. Parasphenoid toothless, pterygoids with minute teeth, 
vomer with one or two pairs of relatively large teeth, and maxillae, premaxillae, 
and palatines each with a single series of teeth. Dentine deeply and simply 
folded in lower half of the crown. Denticles of branchial arches observed in 
young individuals. In the caudal region stout chevron bones are attached to 
the hypocentra, and intercalated between these are two wedge-shaped pieces 
(Fig. 284). 

^ Burmeister^ ff.t Labyrinth o<lonten aus dem Saarbriicken Steinkohlengebirge. Berlin, 1860. — 
Jmkdy O.y Die Organisation von Arctiegosaurus. Zeitschr. Deutsch. Geol. Ges., vol. xlviii., p. 506, 
1896 (reviewed by G. Baur^ Amer. Nat., p. 976, 1897). — Mehly M. G.y Gftenoprosopus miUeri gen. 
et sp. nov, ; in Permo-Carboniferous Vertebrates from New Mexico. Publ. Carnegie Inst. 
Washington, no. 181, p. 11, 1913, — Meyer ^ S, von, Reptilien aus der Steinkohlenformation in 
Deutschland. Palaeontographica, vol. vi., p. 59, 1857. Published separately in Cassel, 1858. — 
Whittard, W, F., Palate and Mandible of Archegosaurus decheni Goldfuss. Ann. Mag. Nat. Hist, 
[10], vol. i., p, 255, 1928. 
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The interclavicle is rhomboidal, about half as long as the skull, and radially 
sculptured. Clavicles triangular, with short posterior pedicle; coracoid and 
scapula ossified. Fore limb less strongly developed than the hind limb, and 

with four digits. Ventral 



armouring of small, overlap- 
ping, transversely elongated 
scales, keeled, and pointed 
at one end (Fig. 277, E), 

In H. von Meyer^s 
elaborate Monograph, pub- 
lished in 1858, no less than 
271 examples of A, decheni 
V. Meyer, from the Lower 



Fio. 304. 


Archegomuriis decheni v. Meyer. 
Bkull of adult individual, 1/2 nat. 
size. Lower Permian ; Lebach, near 
Saarbriickeu. Kp^ tabular ; Fr, 
frontal ; La, lachrymal ; Mx, 


f'lo. 303. maxilla ; Pa, parietal ; Pm, pro- 

maxilla; Por, j)ostorbital ; Prf, 

Archegomurus decheni v. Meyer. Lower Permian; Lebach, near prefrontal; Ptf, iwstfrontal ; 

Saarbrlicken. Young individual with traces of gill arches. Vi (after quadrato-jugal ; SO, postparietals ; 

H. V. Meyer). Sq, supratemporal ; St, squamosal. 


Permian of Lebach, near Saarbriicken, are described, and 102 are figured. The 
remains, usually lacking the tail, occur here in siderite nodules; some in- 
dividuals must have been 1*5 m. long. This or other species in Rothlie- 
gendes of Saxony. A. ornatus A. S. Woodw., from Permo-Carboniferous, 
Kashmir. 

Chenoprosopus Mehl, Permo-Carboniferous; New Mexico, U.S.A. 
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Sparagmites Fritsch ; Discosaurus Credner (Fig. 277, G). Lower Permian ; 
Saxony and Bohemia. 


Family ,2. Bryopidae.^ 

As Archegosauridae, hut skull slimier and puhis ossified. Middle part of 
parasphemid broad. Dermal scales more or less hexagonal and closely arranged. 
Permian. 


Eryops Cope (Ehiuhifomus, Epicordyltis, Farioxys, ? Anisodexis Cope) (Figs. 
285, 288, 299, 305, 30G). Largest of North American Stegocephalians. 


•u 




Skull elongated triangular, with somewhat tapering snout. External nares 
large, widely separated. Cranial bones rugose, sutures indistinct. Parasphenoid 
very thick, dagger-shaped. On the palatine two large conical teeth. Maxilla 
and premaxilla with teeth of various sizes. Teeth sharply conical, at the tip 
smooth, at the base ribbed. Stout ribs with uncinate processes, those of the 
sacrum very broad and short. Caudal vertebrae few in number, those posteriorly 

^ BrancOf W.^ Weissiahavarica^ nov. gen. et sp. Jahrb. k. preuss. geol. Landesanst., 1886, 
p, 22. — BroUi^ F.y Eryops megacepJialus Cope. Palaeontographica, vol, xlvi., p. 61, 1899. — 
Sderocephalm aus der Gaskohle. Jahrb. k. k. geol. Reichsanat. Wien, vol. Iviii., p, 49, 1908 ; 
also Sitzb. bayer. Akad. Wiss., p. 199, 1926. — Gaudry^ A. UActinodon, Nouv. Archives Mns. 
Hist. Nat. Paris, ser. 2, vol. x., p. 1, 1887. — 7/n«ne, F. von^ Schadel von Eryops. Anat. 
Anzetg., vol. xli., p. 98, 1912. — Miner ^ R, TV., Pectoral Limb of Eryops and other Primitive 
Tetrapoda. Bull. Amer. Mus. Nat. Hist., vol. 11, p. 145, 1926. — Wadias D. F., and Swinton^ 
W, if., Aciimtdon tisinensiSf n. sp., in the Lower Gondwanas of Vihi District, Kashmir. Rec. 
Geol, Surv. India, vol. Ixi., p. 141, 1928. — WiUiston^ S. W., Eryops Cope. Contrib. Walker 
Mus. Chicago, vol. ii., p. 87, 1918. 
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fused into a triangular piece tapering acutely behind. Fore and hind feet 
with five toes. E, megacephalus Cope, with skull 40-60 cm. long, and 30-46 
cm. wide at occiput. Permian ; Texas, Oklahoma, and New Mexico. 



Fic. m>. 

Kryops megacephdfus Cope. Lower rermlan ; Texas. Mounted skeleton, much reduced (after Matthew^. 


Actmodon Gaudry (E mhirosaurus Gaudry) (Fig. 307). Vomers each with 
one large tooth and numerous rugosities. Lower Permian of Autiin, France, 
and Rhenish Prussia ; Permo-Carboniferous of Kashmir. 



Fio. 807. 


AetiWkion froamrdi Gaudry. Lower Permian ; Muse, near Autun, 
France. Palatal aapect of akull, with rami of lower jaw. nat. 
Bize (after Gaudry). 



Osteophonuroemeri H. von Meyer. Roof 
of Bkull. Middle UothlieKendes ; Silesia. 
Ch, external nostril ; F, frontal ; Fp, 
piimal foramen ; J, jugal ; ./F, InttTnasal ; 
JM, premaxilla ; L, lachrymal ; M, max* 
ilia ; N, nasal ; 0, orbit ; P, parietal ; 
PP, prefrontal ; PO, postorbital ; PP, 
postparietal ; PtF, postfrontal ; QJt quad* 
rato-jugal ; S, squamosal; St, supratem* 
poral; T, tabular. About V 5 nat. size 
(after Freeh). 


Sderoeephalm Goldfuss (Onchiodon Geiiiitz ; JFeissia Branco) (Fig. 277, F), 
Over 1 m. long. Skull rounded anteriorly, orbits in hinder third, external 
nares far forwards, external bones coarsely sculptured. Palatines with 
VOL. n P 
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minute teeth, maxillae and premaxillae with a series of large, conical, vertically 
grooved teeth. Dentine deeply folded. Coracoid expanded, with concave 
posterior border ; scapula long, slender, tapering. Phalangeal formula of hind 
foot, 2, 3, 4, 5, 4. Ventral scales oat-shaped. Lower Permian ; Rhenish 
Prussia, Saxony, and Bohemia. 

Melosaums, Chalcosauriis H. v. Meyer ; Platyops Trautschold. Permian ; 
Russia. 

Chelydosaurus Fritsch. Tabular bones pointed behind. Lower Permian ; 
Braunau, Bohemia. 

? Osteophorus H. von Meyer (Fig. 308). With a median internasal bone 
(JF). Lower Permian ; Silesia. 

Family 3. Rhinesuchidae.^ 

Small m'hits far hack. Pterygoids not reaching the vomer. Occipital condyle 
double. Pubis ossified. Upper Permian and Lower Triassic. 

Phinesuchus Broom. Palatine with numerous minute teeth, which are still 
smaller on the pterygoid and parasphenoid. R. (“ Eryops ”) africanns Lydekker, 

R. whaitsi Broom, and other species. Lower and Middle Beaufort Beds ; South 
Africa. R. nyasaensis Ilaughton. Karroo Formation ; Nyasaland. R. guemheli 
V. Ammon sp. Permian ; Rhenish Prussia. Also species in the Lower Triassic 
of Vologda, Russia, and in the Permian, S. Madagascar. 

Uranocentrodon v. Hoepen {Myriodmi v. Hoepen). Skull much depressed ; 
palatine with one row of largo teeth. Caudal pleurocentra double. Pelvis 
like that of Eryops. Carpus and tkrsus incompletely ossilied. U. senekalensis 
V. Hoepen, about 375 cm. in length. Beaufort Beds; Orange Free State, 

S. Africa. 

Laccocephalus Watson. Upper Permian or Lower Trias; Orange Free 
State. 

Laccosaurus Haughton. Lower Beaufort Beds ; Cape Colony. 

Benthosaurus Efremov. Upper Permian ; N. Dwina, Russia. 

Wetlugasaurus Riabinin. Lower Triassic ; Wetluga River, N. Russia. 

Gondwanasaurus Lydekker. Bijori, Central Provinces, India. 

Family 4. Zatrachysidae.^ 

Skull depressed^ small orbits far back. Large median anterior facial vacuity. 
Interpterygoid vacuities small. Permian. 

The anterior vacuity in the cranial roof and the palate probably denotes 
the presence of a well-developed intermaxillary gland for producing the sticky 

* Broom, R., New Labyrinthodont Rhinesuchun whaitsi, from the Permian Beds of South 
Africa. Ann. S. African Mus., vol. iv., p. 373, 1908. — Temnoapondylous Stegocephalian 
RhinesmhiLs. Trans. Geol. Soc. S. Africa, vol. xiv., p. 79, 1912. — I^remov, J., Benthosaurus 
sushkini, ein neuer Labyrinthodont der Permo-Triassischen Ablagerungen des Scharschengaflusses, 
Nord«Duna-Gouverneinent. Bull. Acad. Sci. Leningrad, ser. vii,, no. 8, 1929. — Haughton, 
S. H., Genus Bhinesuchus Broom. Ann. S. African Mus., vol. xii., p. 65, 1915. — Hoepen^ 
E. Q. N. van, Stegocephalia of Senekal, O.F.S. Ann. Transvaal Mus., vol. v., p. 126, 1916. — 
Riabinin, A. iV., Wetlv^asaurus angustifrons nov. gen. nov. sp. from the Lower Triassic of 
Vetluga-Land in Northern Hussia. Proc. Bussian Palaeontol. Soc., vol. viii., p. 49, 1980. — 
Watson, D. M. S., Stegocephalia of Senekal, O.F.S. Geol. Mag., 1916, p. 83. 

® Hue'm, F. von, Neubeschreibung des permischen Stegocephalen Dasyceps hucHandi (Lloyd). 
Geol. a. Palaeont. Abhandl., n.s., vol. viii., p. 325, 1910. 
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substance by which the prey adheres to the tongue. If so, the Zatrachysidae 
must have lived chiefly oti land. 

Zatrachys Co[)e. Palate with minute clustered teeth. Tabular bones 
somewhat produced behind. A pair of deep pits on the cranial roof 
between the orbits and the nostrils are supposed by Nopesa to have been 
occupied by sensory tentacles like those of the existing Coecilians. Permian ; 
Texas. 

Platyhystrix Williston. With relatively long neural spines. Pemiian ; 
New Mexico, U.S.A. 

Dasyce'ps Lloyd. Permian ; Kenilworth, England. 


Family 5. Trimerorhachidae.^ 


Skull depressed, small orhiis far forwards. Occipital condyle triple. Inter- 
pterygoid vacuities large. Pubis unossified. Permian. 

TrimerorhaeJm Cope (Fig. 293). Pleurocentra very small, hypocentra 
delicate, and neural arches low. Skeleton imperfectly ossified, and ventral 
scales very thin. Permian ; Texas and ^ 

Oklahoma, U.S.A. 

? Tersomius Case. Permian ; Texas. 

Family 6. Lydekkerinidae.2 

Skull depressed, small orbits median. Double 
occipital condyle. Interpterygoid vacuities large. 

Pubis unossified. Lower Triassic. 

Lydekkerina Broom. L. Botkriceps^^) 
hudeyi Lyd. Middle Beaufort Beds ; Orange 
Free State, S. Africa. 

Family 7. Micropholidae.^ 

Skull depressed, large orbits lateral and 
auditory {otic) notches lateral. Double occi- 
pital condyle. Interpterygoid vacuities large, 

Triassic. 

Micropholis Huxley {Petrophryne Owen) 

(Fig. 309). No sensory canals, but a ductus 
lachrymalis in the large lachrymal bone. 

Small polygonal gular plates present. Cleithrjum very slender. 

Huxley. Upper Beaufort Beds ; Cape Colony. 

? Ehinosaurus Fischer de Waldheim. Russia. 



Fio. 30l>. 

MuTopholis granvlnUi Ow(‘n sp. IVias ; Table 
juiitain, Houih Africa. J , skull, from abort! ; 
anti B, in sitie view. Nal/. size (after Owtm). 

M, stom 


' WilliMon, & W,, Trimerorhachis, a Permian Temuospondyl Amphibian. Journ. Geol., vol. 
xxiii., p. 246, 1915. Also Loc, cit., vol. xxiv., p. 291, 1916. 

Broom, R,, The Triassic Stegocephalians, Brachyops, Bothriceps, and Lydekkerina, gen. nov. 
Proc. Zool. Soc., 1915, p. 863. 

^ Watson, D, M, S., Micropholis stond Huxley, a Temuospondylous Amphibian from South 
Africa. Geol. Mag., 1913, p. 340. 
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Family 8. Oochleosauridae.^ 

Skull depressed, orbits imdian. Double occipital condple. Interpterygoid 
vacuities small. Lower Permian. 

Cochlcosaurns Fritsch (Melosaurus Frit.«ch nec H. v. Meyer) (Fig. 287). 
Postparietals produced behind. Minute clustered teeth on the palate, and 
palatine bone with a few large teeth. C. bohernicus Fritsch, with skull some- 
times 16 cm. long. Gas-coal; Niirschan, Bohemia. 

Gwudrya, Nyrania Fritsch. Gas-coal ; Niirschan, Bohemia. 

? Phryuosuchus Broom. Lower Karroo Formation ; S. Africa. 


Family 9. Dvinosauridae.2 

Skull depressed and broad, orbits for uumls or median. No auditory (otic) notches. 
Interpterygoid vacuities large, and palate arched from side to side. Gills persistent 


Z 



Fig. 310. 


Trematops milleri Willistoii. Roof of skull. 
Permian ; Texas. Ao, antorbital vacuity and 
noHtrii ; 0, orbit ; OHf auditory notch surrounded 
by bone, falsely resembling a supra temporal 
vacuity ; Z, anterior median vacuity. About Va 
nat. size (after Williston). 


throughout life. Some anterior vertebrae almost 
or completely stereospondylons. Permian. 

Dvinosaurus Amalitzky. Pineal fora- 
men almost or completely obliterated. 
Teeth with large pulp cavity. Ko ventral 
scutes. D. primus Amal. about 1 ni. in length 
from Upper Permian, N. Dwina, liussia. 

Family 10 . Trematopsidae.^'^ 

Skull not depressed, orbits median. A 
pair of large antorbital vaevities continuous 
with the narial openings. Double occipital 
condyle. Pubis ossified. Permian. 

Trematops Willi.ston (Figs. 300, 310). 
Parasphenoid reduced. Palatines with two 
pairs of large teeth. Auditory (otic) notch 
closed behind to form a foramen. No con- 
spicuous sensory canals. Ribs comparatively 
short. Permian ; Clear Fork, Texas, U.S.A. 

? Acheloma Cope. Permian ; Texas. 


Family 11. Dissorophidae.^ 

Skull short and not much depressed, large orbits median. No sensory canals. 
Auditory {otic) notches large, sometimes closed behind. Double occipital coiuiyle. 

^ BroUif F., CocMeosaurus hohemicus Fritsch. Palaeontographico, vol. lii., p. 1, 1905. — Ein 
Cotylosaurier aus der obercarbonischeii Gaskohle von Niirschan in Bbhnien. Sitzb. Bay. Akad. 
Wiss., math. -naturw. Abt., 1924, p. 3. 

® AinalUzky, W., The Dvinosauridae, a Family of I.rfibyrinthodonts from the Permian of North 
Russia. Ann. Mag. Nat. Hist. [9], vol. xiii., p. 50, 1924. Notes also by P. Sushkin in Palaeont. 
Zeitschr., vol. viii., pp. 270-286, 1927. 

® Williston, S. ir., Trematops, new^enus. Journ. Geol., vol. xvii., p. 636, 1909. 

* Case, E. C,, Aspidosaurus glascocki sp. nov. Bull. Amer. Mus. Nat. Hist., vol. xxviii., 
p. 179, 1910. — Williston, S. W., Dissorophus Cope. Journ. Geol., vol. xviii,, p. 526, 1910. — 
Caoops, DesmospoTidylus. Bull. Geol. Soc. America, vol. xxi., p. 249, 1910. — JUroiliellus, a new 
genus. Journ. Geol., vol. xxii,, p. 49, 1914. 
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A large cMthruni. Fuhis ossified. A median or ^paired row of dermal bony plates 
along hack. Permian. 

Dissorophus Cope {Otocoelus Cope) (Fig. 286, B). Dorsal plates transversely 
elongated and covering greater part of body. Otic notch closed. D. multi- 
cinctus Cope. Permian ; Clear Fork, Texas, U.S.A. 

Cacops Williston (Fig. 298). Dorsal plates scarcely wider than vertebrae. 
Otic notch closed. Permian ; Texas. 

Aspidosaurus Broili (Fig. 278); Alegeinosaurus Case. Otic notch open 
behind. Permian ; Texas. 

Broiliellus Williston. Skull with low spines. Otic notch open behind. 
Permian ; Texas and New Mexico. 

? Zygosaurus Eichwald. Permian ; Kussia. 


C. STEREOSPONDYLI.^ {Lahjrhdhoihmtia.) 

Basiocripital and hasisj)henold much reduced, and a pair of exoccipital condyles. 
I iiterpterygoid vacuities very large. Pterygoids articulating with parasphenoid. 
Vertebrae completely ossified simple discs, slightly amphi- 
coelous, sometimes centrally perfm'ated for 2 ^dssage of 
the notochord. Teeth with complicated infolding of the 
dentine. 

Family 1. Trematosauridae.*-^ 

Skull high, with lateral orbits and elongated slender 
snout. Parasphenoid very slender. Lower and Middle 
Triassic. 

Trematosaurus Braun (Fig. 311). Skull elon- 

gated triangular, with orbits near the middle. Teeth 
present on jaw-bones, palatines, and vomer; and 
inner border of internal nares fringed with small 
denticles. A pair of greatly enlarged teeth present 
on symphysis of lower jaw, and behind these a 
supplementary row of small teeth. Two large 

vomerine tusks in advance of the internal nares, i/^nat. size SftOTBiimeisSrV " 

^ Fraas, JE'., Die Labyrinthodoiitea der schwabischen Trias. Palaeontographica, vol. xxxvi., 
p. 1, 1889. — Neue Labyrinthodonten aiis der schwabischen Trias. Loc, cit., vol. lx., p. 275, 1913. 
— F. von, Gonwglyptus, eiii alttriasaisclier Stegocephale aus Indieu. Acta Zoologica, vol. i., 
p. 433, 1920. — Organisation einiger Stegocephalen der schwabischen Trias. Loc. dt., vol. iii., 
p. 396, 1922. — Schmidt, M., Labyrinthodonten und Reptilien aus den thiiringischen Letten- 
kohlenschichten. Geol. u. Palaeont. Abhandl., n.f., vol. xviii., p. 231, 1931. — Watson, 
D. M, S., “Orders’* Rachitoini and Stereoapondyli. Phil. Trans. Roy. Soc., vol. 209b, no. 360., 

1919. — Wepfer, E., Der Biintsandstein des Badischen Schwarzwalds und seine Labyrinthodonten. 
Berlin, 1923, — Wills, L. J., Structure of Lower Jaw of Triassic Labyrinth odonts. Proc. 
Birmingham Nat. Hist, and Phil. Soc., vol. xiv., p. J, 1916. — Witnan, C., Stegocephalen aus 
der Trias Spitzbergens. Bull. Geol, Inst. Upsala, vol. xiii., p. 1, 1914. — Neue Stegocephalenfunde. 
Loc. cit,, vol. xiii., p. 209, 1916. — Woodtoard, A. S., Twcniew Labyrinth odont Skulls of the genera 
Capitosaurus tend Aphaneramma. Proc. Zool. Soc., vol. ii., p. 170, 1904. 

® Burmeister H., Die Labyrinthodonten aus dem bunten Sandstein von Bernburg. Berlin, 
1840. — Drevermann, F.t Scbadel von Trematosaurus hrartni. Sends enbergiana, vol. ii., p. 83, 

1920. — Haughton, S. H., New Species of Trematosaurus (T. soheyi). Ann. S. African Mus., vol. 
xii., p. 47, 1916, — SeicUitz, W. von, Trematosaurus fuvhsi, etc. Palaeontographica, vol. Ixiii,, 
p. 87, 1920. 
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Skull of Treviatosdurus hrauni Bur- 
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and three or four palatine teeth behind the same. Interclavicle rhomboid, with 
posterior pedicle. T, hrauni Burm., with skull 25 cm. long, abundant in the 

Bun ter Sandstone of Bern burg, N. Germany. 
Another species in M. Triassic, Kalmuck Steppe, 
Siberia. 

Treinatosuchus Watson. T. soheyi IJaughton sp. 
Upper Beaufort Beds ; S. Africa. T, {?) yakovlevi 
liiabinin. Triassic ; Kybinsk, li?ussia. 

Microposaums Haughton. Upper Beaufort 
Beds ; Wonderboom, S. Africa. 

Gonioglyptus Huxley ; Glyptognathus Lydekker. 
Triassic (Panchet Bods) ; India. 

Aplumerarnma Woodward; LonchoThyn-chus 
Wiman (Fig. 312). Orbits large and snout much 
elongated. Middle Triassic ; Spitzbergen. 

Lyrocephalus AViman. Snout relatively small ; 
sensory canals very prominent. L. etiri Wiman. 
Middle Triassic ; Spitzbei'gen. 

Teiimmi AVinian. With closed otic notch. 
1\ acuta Wiman. Middle Triassic ; Spitzbergen. 

Platystega AViman. Middle Triassic ; Spitz- 
bergen. 

Family 2. Capitosauridae.^ 

Skull longer than hroad^ and small orbits close to- 
gether in hinder half, Farasphenoid slender. Triassic. 

Capitosaurus Munster (Parotosaurus Jaekel) 
(Fig. 313). Snout broad and obtusely rounded. 
Orbits small. Nasals of equal size with the frontals or larger. A small 
auditory (otic) notch. One or two powerful tusks on vomer in front of the 
internal nares and on palatines behind the same. Between the vomer and 
premaxillae is a vacuity to receive the two median tusks of the lower jaw. C. 
msutus Meyer (Fig. 313). Bunter; Bernburg, N. Germany. C. Mgolandiae 
Schroder. Bunter; Heligoland. Other species in the European Muschelkalk. 
C, hogdoanus Sushkin. Middle Triassic ; Kalmuck Steppe, Siberia. C, africanus 
Broom. Upper Beaufort Bods ; S. Africa. C. stantonensis A. S. Woodward, 
from Lower Keuper, Staffordshire, intermediate between Capitosaurus and 
Cyclotosaums. 

Cyclotosaurus Fraas (Fig. 314). Similar to Capitosaums, except that the 
auditory (otic) notch is closed behind by the union of the tabular bone with 
the squamosal. G. rohustus Meyer sp. (Fig. 314). Keuper; Wurtemberg, 
C. spitzhergensis Wiman. Middle Triassic; Spitzbergen. Another species in 
Hawkesbury Formation, New South Wales, Australia. 

Kestrosaurus Haughton. Upper Beaufort Beds; Senekal, Orange Free 
State, S, Africa. 



Fio. 312. 

Lonchorhynchus bbergi Wiman. Roof 
of skull. Middh* Triassic ; Spitzborgtui. 
•i/g nat. size (after Wiman). 


^ Broili, F.^ Capitosaurus arenaceus Munster. Centralbl. f. Min., etc., 1915, p. 569. — 
SchroedeVt //., Ein Stegocephalen-Schiidel von Helgoland. Jahrb. k. preuss. geol, Landesanst., 
vol. xxxiii., p. 232, 1913. — Smnton, W. i?., New Species of Capitosaurus from the Trias of the 
Black Forest. Ann. Mag. Nat. Hist. [9], vol. xx., p, 177, 1927. 



OBDEB 1 


STEGOCEPHALI 


215 


Family 3. Metoposauridae.^ 

Skull Imo and hi'oad, hut elongated. Orbits in front half or median. Fara- 
sphenoid very hroad. Triassic. 

Metoposaurus Lydekker (Metopiasw. Meyer) (Fig. 315). Skull large, broadly 
triangular, with elliptical orbits in anterior half, and large narial openings. 


B 



Fio. 318. 


Ca-pitomurus nnsvtus H. vein Moyor. Roof of 8kun:(il) and riK^t ramus of lower jaw (/f). Bimter Sand* 
stone ; Bernburg. Ep, tabular ; So, i»ostpariotal ; Sq, supratemporal ; St, s'luamosal. Other lettering as in 
prtjvions figures. 

Nasals shorter than frontals and parietals. Clavicular plates very large. 
Dentition weak, teeth strongly fluted externally, especially at the base, ^ 
with but slight internal foldings. Ribs very powerful, distally expanded. 
M. diagnostlcus v. Mey. Keuper ; Wiirteinberg. 

Trigonosternum M. Schmidt. Lettenkohle ; Thuringia. 

Biiettneria Case. Parasphenoid narrower than in Metoposaurus, A row of 
small teeth on vomer at inner edge of internal narial opening. No posterior 
temporal fossae. B. perfecta Case, with skull 45 cm. long, from Upper 
Triassic, W. Texas. 

Anaschisma Branson. Orbits small, in anterior half of skull. External 

Branson, E. B., and MehZ, M. O., Triassic Amphibians from the Rocky Mountain Region. 
Univ. Missouri Studies, vol. iv., no. 2, 1929. — Cctse, E. C., New Species of Buettneria, with a Dis- 
cussion of the Brain Case. Contrib. Mus. Paleont. Univ. Michigan, vol. iii,, no. 11, 1931. 
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narial openings enlarged to receive median tusks of lower jaw. Auditory 
(otic) notches very small, A. hrowni Branson, with skull 50 cm. long, from 
Triassic, Lander, Wyoming. Other species perhaps in Arizona. 

Koskhionodoriy Borhorophagus Branson 
and Mehl. Triassic ; Wyoming. Kala- 
moiketoi' Branson and Mehl. Triassic ; 

Arizona. 

Dictyocephalus Leidy. Triassic ; North 
Carolina. 

? Calamops Sinclair. Triassic ; Penn- 
sylvania. 

? Peltostega Wiman. Middle Triassic ; 

Spitzbergen. 

Family 4. Mastodonsauridae. 

Skull low, longer than broad, with the large 
frontals entering the borders of the orbits, which 
are large, median, and close together, Para- 
sphenoid slender, Triassic. 



Fio. 314 


Cydotosaurus rohmtun H. von Meyer. Skull 
reatoreil by E, Fnias, from below. Lciwer 
Keuper ; WUrtemberg. C, exoccipital condyle ; 
G, interpterygoid vacuity; Gs^ lateral palatal 
vacuity ; Af, maxilla ; Os, auditory opening in 
cranial ro»^f; Pa, palatine; Pm, premaxilla; 
1% parasphenoid ; Pt, pterygoid ; V, vomer. 
Much reduced (after E. Fraas). 



Fio. 3J5. 

MeUtposaurus diagnostirm v. Meyer. 
Ventral asiM^ct of skeletal fragment. 
Keuper; Hahnwoiler, near Stuttgart. 
Vs nat. size (after E. I^aas). 


Mastodonsaurus Jaeger (Labyrinthodon Owen) (Figs. 289, 296, 316). Largest 
of all Labyrinthodonts, skull 1*25 m. long, with the large orbits mainly 
behind the middle. External bones sculptured, sensory canals prominent. 
Premaxillae pierced for the passage of the two greatly enlarged teeth at 
symphysis of lower jaw. Vomers with a pair of tusks in front of the 
internal nares; palatines with another pair of tusks behind the nares and 
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a single series of large teeth. Dentine excessively complicated. Interclavicle 
rhomboidal, clavicles triangular, all strongly sculptured. Vertebral centra 
notched above where they form the base of the neural canal. Limbs im- 
perfectly known, and dermal armour not observed. The finest specimens 
of M, fjigantexis tlaeger are from the Lettenkohle of Gaildorf and Oedendorf in 
Wiirtemberg. M, acuminatus E. Praas from Lettenkohle of Wiirtemberg and 
Thuringia. Fragments occur also in the Upper Trias of England and India, 
and in the Bunter Sandstone of 
Alsace and the Black Forest. 

Harcynosanms Jaekel. Upper JI 

Keuper ; Halberstadt. 

Diadetognathus Miall. Keuper ; 

Warwick. * 

Pachygonia Huxley. Triassic 
(Panchet Beds) j India. 

? Mentosaurtis Kopkc.^ About as 
large as MastodoiisanruA, Lower 
Muschelkalk ; near Halle. 

? Syphonodon Seeley. Upper 
Karroo F ormatiou ; near Burghers- 
dorp, S. Africa. 

? Ptychosphenodon Seeley. Upper 
Karroo Formation ; Aliwal North, 

S. Africa. 

Family 6. Rhytidosteidae.^ 

Skull depressed, broad and tri- 
angular, with narial openings and orbits 
lateral and laterally directed. Vomerine 
region rehtively Mg. Upper Triassic. 

occipifcai ; Fr, frotjUil ; Ju, juRtil ; Lo, lachrymal ; Mr., 

llhytidosteus Owen. Head bones maxllla ; N, ext-emal uares ; Na, nasal ; Pa, parietal ; P/r. 

j*. li. j prefi-ontHl ; Pnit, prcmaxilla ; Pifr, postfrontiil ; Pio, post* 

WltJl coarse radiate sculpture and orbital; Qj, €|Uadratoju>?al ; So, postparict-ul ; Sq, supra* 

slightly marked sensory canals. 

Palatal bones finely tuberculated. 

R. capensis Owen. Skull 25 cm. long, from Upper Karroo (Upper Beaufort 
Beds), Beersheba, Orange Free State. 

Family 6. Braohyopidae.^ 

Skull depressed, very short and broad, with the large orbits far forwards. Palate 
arched from side to side. Triassic. 

^ Ropke, W., Mentosaur us Waltheri, nov. gm. HOY. n]}. Leopoklina (Halle), vol. vi., p. 687, 1930. 

2 Oiom, R., A Labyrinthodont Amphibian {Rhytidosteus capensis) from the Trias of the Orange 
Free State. Quart. Journ. Geol. Soc., vol. xl., p. 333, 1884. 

^ Broom,, R., New Stegooephalian {Batrachosuchushroioni) from the Karroo Beds of Aliwal North. 
Geol. Mag., 1903, p. 473. — Hutdey, T. JI,, Bothriceps australis. Quart. Journ. Geol. Soc., vol. 
XV., p. 642, 1859. — Owen, R., Crmixim of Brachyops taticeps. Quart. Journ. Geol. Soc., vol. xi., 
p. 37, 1856. — Stephens, 11^ J., Labyrinthodont Fossils from the Hawkesbury Sandstone of New 
South Wales. Proc. Linn. Soc. N.S. Wales [2], vol. i., p. 1176, 1887 ; also loc, cU., vol. ii., p, 156, 
1888. — Piveteau, J,, [A Plagiosaurid from Upper Trias of Lnneville]. Ann. Paleont., vol. xvii., 
p. 28, 1928. 
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reticulated or pitted. 


Brachyops Owen. Skull triangular and orbits widely separated ; radiating 
ornament and lyra faint, i?. laticeps Owen, skull 12 cm. wide, from Lower 
Gondwana formation, Mangali, Central India. 

Bothriceps Huxley. Orbits closer together than in Brachyops^ and ornament 
B, mdralis Huxley, skull about 10 cm. wide, probably 
from Hawkesbury Formation, New 
South Wales. The immature Platyceps 
u)ilkinso7ii Stephens, showing branchial 
arches, may be the young of Bothriceps, 
Bairachosuchus Broom (Fig. 290). 
Skull very broad and orbits widely 
separated ; large narial openings nearly 
median in front ; reticulated and 
radiating ornament and lyra strong. 
Karroo Formation; Sou^h Africa. 

Playmternum E. Fraas {Plagio- 
mvrus Jackel) (Fig. 317). Skull very 
broad, orbits very large and close to- 
gether ; no auditory (otic) notches. Interclaviele much wider than long. In 
Germany ranging from Upper Muschelkalk to Middle Keuper. Perhaps 
includes Xeslorrhytias per r ini H. von Meyer, from the Muschelkalk of Lurn^^ville. 

Plagiosnchus v. Huene. U. Trias ; Wiirtemberg, Thuringia, and Lorraine. 



Kio. SI 7. 

PhigUitiiernum piilvhi-rrimmn E. Fiaas. Skull, nppt'r 
ftsp»‘ct. Tjowor K<*uptT ; I’fallV'uhofpii, WUrtfinlwru. o, 
orbit. Vh size (ulVr E. Fraas). 


Fragments of Temnospondylous Stegoce])halians are named as follows : — 
£Jupeloi\ Pariostegus Cope. Trias ; N. America. 

? Eosaurus Marsh. Amphicoelous vertebral centra. Upper Carboniferous ; 
Nova Scotia. 


Sub-Order 2. LEPOSFONDTLI. (Microsouria or IIolospondylL) 

Vertebrae hourglass-sfmped, but the constricted notochord passing through them; 
neural arch fused with centrum, liths long^ curved^ usually douhle-headed. Teeth 
simple^ amical, hollow. 

Except one generically indeterminable specimen from the Lower Car- 
boniferous of Midlothian, described by Watson, all the remains of this Sub- 
Order have been found in the Upper Carboniferous and Lower Permian. 

Family 1. Hylonomidae. 

Lizard-like, usually long tailed. Fare limbs less robust than the hinder pair ; 
carpus afid tarsus ossified or cartilaginous. Pubis ossified. Ventral, and in rare 
cases also the dorsal surface covered with small, round, oblong, oval or oat-shaped 
scales. Upper Carboniferous and Lower Permian. 

Hylonomus Dawson (Figs. 277, C; 281, A-C ; 318). Skull narrow, with 
smooth or faintly sculptured bones. Palatal teeth relatively small. Neural 
spines broad. Abdominal scales oval. H. lyelli Dawson (Fig. 318). Scattered 
remains in hollow tree stumps in Coal Measures, South Joggins, Nova Scotia. 

Hyloplesion Fritsch. Cranial bones smooth, finely striated or punctate. 
Orbits large, with sclerotic ring. Tarsus ossified. According to Fritsch, both 
dorsal and ventral armature is present, composed of overlapping oval scales 
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with thickened posterior border. Lower Permian ; Niirschan, Bohemia, and 
Niederhiisslich, Saxony. 

Hylerpcton Owen ; Smilerpeton, Fritschia Dawson. Coal Measures ; South 
Joggins, Nova Scotia. 

Seeleya Fritsch. With rounded snout. Teeth on all bones of the palate, 
those of, the premaxillae much larger than the maxillary 
teeth. Both dorsal and ventral armour present. Scales 
elongated oval, ornamented with undulating or dichoto- 
mising lines. Very rare in Lower Permian of Niirschan, 

Bohemia. S. pusilla Fritsch, less than 2*5 cm. in length. 

Eicnodon^^ OrtJiocosta, Microhrachis Fritsch. Lower Per- 
mian ; Niirschan, Bohemia. 



Odonterpeton Moodie. Coal Measures ; Linton, Ohio. 
? Fetrohates Credner (Fig. 277, //). Lower l^ermian 
Saxony. 

'i IJvmerpdon Fritfich. Lower Permian; Bohemia. 

1 DendrerpHon Owen. Coal Measures; Nova Scotia. 


Fui. 318. 

A, vortebra, and B, rib 
r)f Hylonomus lyelli DawHr)n. 
Coal Measures; South 
Joggins, Nova Scotia, r, cent- 
rum ; n, neural canal ; sp, 
neural .spine ; s \ J^ygajKj- 
phyaes. 


Family 2. Amphibamidae. 

Head relatively large and hroad, trunk short and broad, and. tail very short. 
Pubis of calcified cartilage. Carlioniferous. 

Amphihamus Cope. Skull with deep auditory (otic) notches. Coal Measures ; 
Mazon Creek, Illinois. Considered by A, S. Komer to be a Branchiosaurian. 

Cephalerpeton Moodie. Skull Avithout auditory (otic) notches. Limbs 
unusually long. Coal Measures ; Mazon Creek. 


Family 3. Urocordylidae.^ (Nectridia Miall.) 


Stout and long-tailed. P osier odateral angles of skull produced into cornua; 
orbits far forwards. Neural sjnnes and chew'ons of caudal vertebrae expanded 

distally and pectinated. Carpus and tarsus rarely 
ossified. Upper Carboniferous and Lower Permian. 

Urocmlylus Huxley {Oestocephalus, Ctenerpeton 
Cope) (Figs. 281, F; 319). Fore limb slightly 
less developed than the hind limb, both penta- 
dactyle. Skull depressed, triangular, posteriorly 
truncate. Tail nearly twice as long as the trunk 
Avith the head, with about 80 vertebrae. Ventral 



Fio. 319. 

Vrocordylus imndes/ordi Huxley. 
Caudal vertebrae. Ciial Measures ; Kil- 
kenny, li-eland. Nat. size (after Huxley), 


Ireland. U. scalaris Fritsch. 


armour of about 100 rows of scutes converging 
towards the median line, in form elongated oval, 
fusiform or oat- shaped. U, wandesfordi Huxl. 
Length about 50 cm. Coal Measures ; Kilkenny, 
Lower Permian; Niirschan, Bohemia. Other 


species in Coal Measures, Linton, Ohio. 


^ Hummel, K,, Ricnodon cf. dispersus Fritsch. Zeitschr. Deutsch. Geol, Ges., vol. 6.5., Abh. 
p. 691, 1913. 

® Andrews, O. IF., Keraterpeton gedvani Huxley, from Staffordsbire. Geol. Mag., 1896, 
p. 81. — Jaekd, 0., Ceraterpeimi, Diceratosaurus, and Diplocaulus. Neues Jahrb. f. Min., etc., 
1908, vol. i., p. 109,— irootfwarrf, A. S,, C&raterpelon gedmni Huxley. Geol. Mag., 1897, p. 298. 
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Lepterpetm Huxley (Fig. 320). Lizard-like, with narrow, elongated head 
and tapering snout. Hind limb slightly stouter than the fore limb. Ventral 
scales elongated rhombic. Coal Measures ; Kilkenny, Ireland. 

Keraterpefon (Ceraterpeton) Huxley. Length about 25 cm. Skull broad, 
rounded anteriorly, and external bones sculptured. Very small ventral scutes, 



Fio. 320. 


Lepterpeton df>hhsi Hnxley. Coal Measures ; 
Kilkenny, Ireland. 3/^ nat. size (after Huxley). 



Kiu. 321. 

Scineoftaurus crassus Frltsch. Lower Permian ; NUrschan, 
Bohemia. Restored. Nat. size (after Fritsch). 


and no dorsal armour. Phalangeal formula of hind foot, 2, 3, 4, 4, 3. Coal 
M^sures; Kilkenny, Ireland, and Staffordshire, England. 

Sci^osmrus Fritsch (Fig. 321). Skull smaller in proportion to the body 
than m Keraterpeton, with more numerous presacral vertebrae, and distinct 
ossifications in carpus and tarsus. S, crassus Fritsch. Lower Permian; 
Bohemia. 

Diceratomurus Jaekel (Eoserpeton Hoodie). With a small inner pair, and 
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large outer pair of cornua 0 !i the skull. D, punctolineatus Cope sp. Coal 
Measures; Linton, Ohio. 

Sauropleura Cope {Ptyonius, Hyphasma Cope). Coal Measures ; Linton, 
Ohio. J iower Permian Gas-coal ; Bohemia. 

Crossotelos Case. Lower Permian ; Oklahoma, U.S.A. 


Family 4. Diplocaulidae.^ 

Eyes far forwards^ and posterodateral angles of skull rmich produced both 
posteriorly and laterally. Ribs stouts double-headed. Tail as in Urocordylidae. 
Cleithrurn expanded at dorsal end, T-shaped in cross-section. Limbs very small. 
Upper Carboniferous and Lower Permian. 

Diplocaulus Cope (Figs. 281, T), E ; 28G, A ; 322). Tadpole-shaped. Skull 
half moon-shaped, much depressed, ornamented with pittings. Quadrate in 
the front half of the skull. 



Texas. Apparently other species in Upper Carboniferous, Illinois. 

Batrachiderpeton Hancock and Atthey. Coal Measures ; Northumberland. 

Family 5. Dolichoeomidae. [Autopoda Miall.) 

Body serpentiformi wit, haul either limbs or arches for their support. Bibs slender, 
single- or double-headed, with a kind of uncinate process. Upper Carboniferous and 
Lower Permian. 

* BroiZi, F.^ Diplocaulm Oo\}^. Centralbl. f. Min., etc., 1902, p. 636. — Douthitt. II., Structure 
and Relationships of Diplocaulus, Contrib. Walker Mus. Chicago, vol. ii., no. 1, 1917. — Huene, 
F, von,, Unterkiefer von Diplocaulus. Anat. Anzeig., vol. 42, p. 472, 1913. — Aloodie, R. L., 
Skull of Diplocaulus magnioornis Cope. Journ. Morphology, vol. xxiii., p. 31, 1912. — 

Watson, D. M. 8., BalracMderpcton linmtum, Proc. Zool, Soc. Lond., 1913, p. 949. — Williston, 
8, W,, Skull and Extremities of Diplocaulus. Trans. Kansas Acad. Sci., vol. zxii., p. 122, 1909. 
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Dolichosorm Huxley {1 Phlegethontia Coj)e) (Fig. 323). Skull relatively 
small, triangular, with tapering snout; external bones smooth, and median 

bones more or less fused. Premaxillae very small. 
Over 150 vertebrae, and total length upwards 
of 1 m. Neural spines atrophied. The foremost 
ribs angularly bent, later ribs straight. Dermal 
armature not observed. Coal Measures ; Kil- 
kenny, Ireland, and (?) N. America. Lower Per- 
mian ; Bohemia. 

Ophiderpetoii Huxley {Thyrsidium Cope) (Fig. 

324). Skull imperfectly known, 
shorter and more obtuse than 
in Volichosoma. Small polygonal 
plates on the cheek. Ribs re- 
sembling intermuscular bones of 
fishes, with dorsal and ventral 
processes. Ventral scutes small, oat- 
shaped; dorsal ossicles shagreen- 
like. 0. hroumriggi Huxley, from 
Fkj 3*^4 Irish Coal Measures, 40-60 

0 phidef 7 >etm'{franu. ^m. long. Smaller species known 
^ the Permian of Bohemia. 

Dolichosoma longisstmitm Kntach. Pfrmmn; Bohemia. ? • • /-i i 

Lower Permian ; Nurschun, Bohemia, d, dorsal ; v, ventral 0, aniphiU7milAlS Copo SI). Coal 
Restored. Lettering ns in Fig. 313, etc. process, i/o (nfter ^ t • i. r\\ ' ^ 

Throe times nat. sue (after Fritach). Fritsch). Measures ; LintOI), Ohio. 




Fkj. 323. 


Family 6. Tuditanidae.^ 

Long-tailed Lepospondyli approaching Reptilia in T-ffhaped interclavicle and 
slender abdominal ribs. Neural spines and cheirons of caudal vertebrae enpauded 
distally and pectinated. Carpus and tarsus ossified in adult. Upper Carboniferous 
and Lower Permian. 

Sauravus Thevenin. Skull triangular, with rounded snout. Well-developed 
abdominal ribs. S. costei Thev. About 30 cm. in length. Upper Car- 
boniferous; Blanzy (Sa6ne-et-Loire), France. S. camhuyi Thev. Smaller. 
Lower Permian ; Telots, near Autun, France. 

Datheosaurus Schroeder. Head three-sided with rounded angles. Ischium 
and pubis on each side fused into a continuous plate ; hind limbs compara- 
tively stout. Abdominal ribs not yet observed. 1). macrurus Schrocd. Lower 
Permian ; Neurode, Silesia. 

Tuditanus Cope {Eosauravus Williston). Body long and slender with at 
least twenty-three presacral vertebrae. Phalangeal formula of hind foot, 
2, 3, 4, 5, 4. T. punctulatus Cope. Coal Measures ; Linton, Ohio, U.S. A. 

Eusauropleura Romer. Coal Measures ; Linton, Ohio. 

^ Moodie^ R. JO., Carboniferous Air-breathiug Vertebrates of the U.S. National Miisenm. Proc. 
U.S. Nat. Mns., vol. 37, p. 11 [Isodectes pimcttdatus Cope), 1909. — Schroeder^ 7/., Datheosaurus 
uiMTwrus nov. gen. nov. sp. Jabrb. k. prenss. geol. Landesanat., vol. xxv., p. 282, 1905. — 
Thevenin^ J., Lea plus anoiens quadrupedes de France. Ann. Pah'ont., vol. v., p. 42, 1910. Also 
toe. city vol. i., p. 12, 1906. — Williston^ S. W., Bull. Geol. Soc. America, vol. xxi., p. 272, 
1910. 
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Sub-Order 3. PHYLLOSPONDYLI. (Branchiosmiria.) 

Notochord persistent and not constricted, encased in imperfect barrel-shaped 
vertebrae formed by a pair of delicate hypocentra and downward prolonyaiions of the 
neural arch, but without plenrocentra. Teeth simple, hollow. 


Family 1. Branchiosauridae.^ 

Lizard-like Stegocephali with broad, obtusely romuled head. Occipital region 
cartilaginous. Ribs short ami straight, with simple, thickened proxirmil ends. Pubis 
not ossified. Manus with four, with five digits ; carpus and tarsus cartilaginous. 
Ventral scales thin, small, rounded, ami arranged in regular series. Carboniferous 
and Permian. 


280, 292, 294, 297, A 


A li 



279, 

Head al)oiit as broad as long, truncate 
behind, with shallow auditory 
notch, and very large elliptical 
orbits. Sclerotic ring of about 
30 small plates, and also a supple- 
mentary series of smaller plates 



FlO. 3‘26. 


JlmnchiosauriiB j^lrolei Gandt'y sp. 
L()W**r Permian ; Autun. Nut. size 
(after Gaudry). 


Branchiosaurns Fritsch {Protriton, Pleuvoneura Gaudry) (Figs. 2Vl, A, B \ 
325, 326). 


irregularly arranged. Cranial plates radially striated or punctate. Para- 
sphenoid greatly expanded behind, and uniting with trifid pterygoid. Vomer 
paired, the two pieces triangular; palatines imperfectly known. Jaws with 
a single series each of slender, closely spaced conical teeth. Interclavicle sub- 
rectangular, externally furrowed. Ilium stout, hourglass -shaped ; ischium 

* Bulman, 0. M. B., Branichwsaurus from Odernheim. Ann. Mag. Nat. Hist. [10], vol. i., 
p. 260, 1928. — Bulman, 0. M. B., and Whittard, W. F., On Branchiosaurm and Allied Genera. 
Proc. Zool. Soc., 1926, p. ^^Z,—Jaekel, O., Kdrperform und Hautbedeckung von Stegocephalen. 
Sitzb. Ges. naturf. Freunde, Berlin, 1896, p. \.—Schmfeld, G., Branchiosaurm tener Schbn. 
Isis, 1911, p. Id. — Watson, 2). M. S., EwjyHnus (A.S.W.). Geol. Mag., 1921, p. 70.— 
Whittard, W. F., Structure of Branchiosawnis Jlagrifer sp. n., etc, Ann. Mag. Nat. Hist. [10], 
vol. V., p. 600, 1930. 
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delicate, triangular. The entire ventral surface of the body, as well as a 
portion of the tail and limbs, was protected by deeply overlapping cycloidal 
scales (Fig. 277, p. 193) arranged in several distinct series. Functional 

gill arches are indicated in many immature examples by the regular series 
of minute denticles which were originally arranged on them. Tail known to 
have been about as long as trunk with the head, but most of the caudals 
unossified. 


This genus and Archcgosaurus are the commonest and best known examples 
of Palaeozoic Amphibians. Kemains of Bmm:hiosaurns are abundant in the 

fine grained limestone of the Middle Rothliegendes 
near Dresden, where the small bones are clearly 
outlined in white against a greyish -coloured 
matrix. Crcdner’s elaborate researches on the 
structure and development of this form were 
based on comparisons of over 1000 specimens. 
M'Yt ' rl 11 Several species occur also in the Lower Permian 

A of Niirschan (Ny ran) and Kounova in Bohemia, 

J Oberhof and Friedrichsroda in Thuringia, Odern- 

heim in Rhenish Prussia, and Autun (Saone-et- 
Loire), France. At least one species also in the 
u 1 f 1 w Measures of Linton, Ohio, U.S.A. The 

Palatul uspftctof skull of i i r i i • \ 

voma:Cre(lner,rft!st()rod. Lowei PMimian; adultS 01 the largest SJ^CCICS are abOUt 12 Cll). Ul 

fn’t"maiiUary“«i.«ij’r'‘;‘w‘c^ length to the base of the soft Uil. 

P^/«sa«ms Credner(Fig. 277, /J). 18 to 20 

Koui; To, vomor, with iniornHi narial cm. loTiff. Skull relatively Very large, with 

bono. Nat. size (.^fter Credner). Foi u lachrymal in front of orbits, and no supplementary 

wSulnf sclcrotic plates. Lower Permian ; Niederhasslich, 

near Dresden ; Odernheim, Rhenish Prussia ; 
and Autun, France. P. laticeps Credner. 

Mela'nerpeton Fritsch (Fig. 297, B), 2*5 to 13 cm. long. Skull as in 

Branchiosanrus, but more produced posteriorly. Interclavicle extended into a 
long posterior process. A distinct dermal armouring not present, but quan- 
tities of small calcareous shagreen-like particles sometimes observed instead. 
Branchial arches present in young examples. Lower Permian of Braunau, 
Bohemia; Lhotka, Moravia; and Niederhasslich, Saxony. 

Micrerpelon Moodie. Limbs comparatively stout ; fore limb larger than 
hind limb. Tail deep and laterally compressed, with a median and dorsal 
sensory canal on each side, and apparently ornamented with vertical stripes. 
M, caudatum Moodie, about 5 cm. in length. Coal Measures; Mazon Creek, 
Illinois. 


Palatul aspect of skull of Aca^itliostoma 
vorcuc Credner, restored. Lower Permian ; 
Saxony. A, orbit; iV, v.scuity prtjbJibly 
beneath intermaxillary gland ; I'mx, 
premaxilla; 3//, maxilla; quadrau*- 
jugal ; iMirasphenoid ; ft, ptery- 


Eumicrerpeton Moodie. Eye elongate, close to edge of skull. Postero-lateral 
angle of skull sharp. Limb bones short and stout. Alimentary canal usuall}’^ 
preserved in the fossils. E, parmm Moodie. Coal Measures ; Mazon Creek. 

Pelion Wyman. Coal Measures ; Linton, Ohio. 

Mazonerpeton Moodie. Coal Measures ; Mazon Creek. 

Eugyrinus Watson, Lower Coal Measures ; Colne, Lancashire. 

Leptorophus Bulman. Lower Permian ; Saxony. 

Mkromelerpeton Bulman. Lower Permian ; Odernheim, Rhenish Prussia. 

Dawsonia Fritsch. Jaw-bones, vomer, palatines, and parasphenoid armed 
with teeth. Lower Permian ; Bohemia. 
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Acanthosktma Credner (Fig. 327). Lower Permian; Niederhasslich, 
Saxony. All bones of palate bearing teeth. 

The following imperfectly known genera from the Coal Measures of Linton, 
Ohio, seem to represent one or two allied families : — Colosteus Cope ; Erpeto- 
sauruSy Stegops Moodie ; Branchiosauravus Romer ; Platyrhinopis, My tar as Steen. 
The skull of Stegops has postero-lateral cornua. 

Sub-Order 4. ADELOSPONDYLI.^ (Lysorophia.) 

Vertebrae cylindrical, deeply amphicoelous, and pierced by a remnant of the noto- 
chord ; neural arch separate ; the bone traversed by irregular cavities. Ribs long and 
curved, usually with double head. Cranial roof over temporal region tending to be 
reduced ; ocxipital condyle single ; parasphenoid very large and broad ; jaw relatively 
short. Branchial arches large and well ossified. 

In those respects in which these small Stegocephali differ from the other 
members of the Order, they approach the Urodela, of which they may be 
the ancestors. 


Family 1. Adelogryrinidae. 

Head much elongated, with orbits far forwards ; no tabular bones, but squamosals, 
quadrato-jugals, and jugals large ; a pineal foramen. Lower Carboniferous. 

Adelogyrinus Watson. External bones with pitted ornament. Orbits 
relatively large, extending as far backwards as the wide suture between the 
frontal and parietal bones. Squamosal produced backwards into a small horn. 
Very small blunt teeth in a regular close series. Ventral armour of slender 
rhomboidal scutes. A. simorhynchus Watson, with skull about 4-5 cm. long. 
Lower Carboniferous ; Pentland Oil Works, Edinburgh. 

Dolichoparcias Watson. Orbits much smaller, opposite anterior half of 
frontal bones, which meet the parietals only in the middle. The apex of the 
very small blunt teeth inclined backwards. D. disjectus Watson, with skull 
about 7 cm. long. Lower Carboniferous ; Biirdiehouse, Edinburgh. 


Family 2, Lysorophidae. 

Head much elongated, with oi'bits nearly median ; temporal roof much reduced ; 
tabular bones present ; pineal foramen mimite or absent. Upper Carboniferous 
and Lower Permian, 

Lf/sorophus Cope (Fig, 328). Occiput and otic region well ossified ; the 
exoccipital pierced by a foramen for the hypoglossal nerve, and having a small 
facet for articulation probably with a proatlas. Postorbital and jugal bones 
absent. No pineal foramen. Teeth acrodont, hollow cones, large on the 

^ Broili, F. , Systematische und biologische Bemerkungeu zu der permiscben Gattung Lysorophus. 
Aiiat. Aiizeig., vol. xxxiii., p. 290, 1908. — Case, E. C., Skull of Lysorophus tricarniatus Cope. 
Bull. Amer. Mus. Nat. Hist., vol. xxiv., p. 531, 1908. — Finney, M., Limbs of Lysorophus. Joiiru. 
Morphology, vol. xxiii., p. 664, 1912. — Sollas, IK. J., Structure of as exposed by Serial 

Sections. Phil. Trans. Roy. Soc., vol. 209 b, p. 48i, 1920. — Waison, D. M. 8., Adeloapondyli. 
Palaeont. Hungarica, vol. i., p. 246, 1930. — WiUiston, 8. W., Lysorophus, a Permian Urodele. 
Biol. Bulletin, vol, xv., p. 229, 1908. 
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premaxilla, maxilla, and dentary. X. tricarimlm Cope, with skull usually 
about 2 cm. to 3 cm. long. Lower Permian ; Illinois and Texas, U.S.A. 

^ Oocytinm Cope {Brachydectes 

Cope). ? Fleuroptyz Cope. Upper 

Pnix-, M -43^ Carboniferous; Linton, Ohio, 

U.S.A. 




Fio. 82S. 


Footprints of StegocephaW^ are 
not uncommon in the Coal Meas- 
r , . . . u, „ , « • /.X 'ires of Nova Scotia, New Bruiis- 

LyKorophns irvunnatim Copo. Skull m left side view (A) • i -r* i • rr 

and occipital view (/i). IVrniiaii ; Texas. Jio, basloccipital ; Wlck, Pennsylvania, UhlO, KanSaS, 

Virginia, Saxony, and elsewhere. 

Vhey occur also in the Permian 
Broiii. Nomenclature after Soiias). of North America, Thuringia, 

Saxony, Bohemia, and England. 
One problematical specimen is known even from the Upper Devonian 
(Chemung) of Pennsylvania {Thimpus antlqms Marsh). The impressions 
always occur along stratification planes, and on removal of the superjacent 
layer the counterpart appears in relief, and is usually accompanied by a 
series of fossil mud-cracks. Most of these tracks are five-toed, although some 
occur in which the manus, which is of smaller size than the pes, has but 
four digits. Many footprints from the Trias often ascribed to Stegocephalif such 
as Gheirotherimi, belong to Dinosaurs and other Reptiles. 


Order 2. GYMNOPHIONA. {Apoda Oppel.) 

Vemvlfm^m Amphibia covered with small scales arranged in transverse rings. 
Vertebrae amphicoelons, with persistent notochord. Cranium ossified ; maxillae and 
palatines with sinally hackwardly curved teeth. Ribs weakly developed. Pectoral and 
pelvic arches absent, and no limbs. 

The Coecilians constitute a small group restricted to the South American 
and Indo- African tropics, and are unknown in the fossil state. 

^ Carman, J. E., Fossil Footprints from the Pennsylvanian System in Ohio. Bull. Geol. Soc. 
America, vol. 38, ji. 385, 1927. — (jihnore, C. W., Fossil Footprints from the Grand Canyon. 
Smithson. Misc. Coll., nos. 2832, 2917, 2956, 1926-28. — Uardaker, W, JL, Fossil - hearing 
Horizon in the Permian” Rocks of Hamstead Quarries, near Birmingham. Quart. Jouni. Geol. 
Soc., vol, Ixviii., p. 639, 1912. — Ilausse, R., Fossile Tierfahrten im unteren Rotbliegenden des 
Steinkohlenbeckens im Plauenschen Gruude bei Dresden. Jahrb. Berg- ii. Hlittenw. Sachsen, 
1910, p. 3. — Bidding, (?., British Permian Footprints. Mem. Manchester Lit. and Phil. Soc., 
vol. lii., no. 22, 1909. — Jackd, O., t^ber die altesten Gliedmassen von Tetrapodeu. Sitzb. 
Ges. naturf. Freunde, Berlin, 1909, p. 587. — Lull, R. S., Fossil Footprints from the Grand Canyon 
of the Colorado. Amer. Journ. Sci. [4], vol. xlv., p. 337, 1918. — Martin, U. T,, Gigantic Amphibian 
in the Coal Measures of Kansas. Kansas Univ. Sci. Bull., vol. xiii., p. 103, 1^22.— Matthew, O. F., 
Attempt to classify Palaeozoic Batrachian Footprints. Trans. Roy. Soc. Canada [2], vol. ix., sect. 4, 
p. 109, 1903. — Batrachian Footprints of the Carboniferous System in Eastern Canada. Loc, cit,, 
vol. X., p. 77, 1906. — Moodie, R. L., Vertebrate Footprints from the Red Beds of Texas. Amer. 
Joum. ^i. [6], vol. xvii., p. 362, 1929 ; Journ. Geol., vol. xxxviii., p. 648, 1930. — Moiim, J). J., 
Footprint of Thirwpua antiquus. Amer. Joum. Sci. [6], vol. xii., p. 409, 1926. — Ncgfcsa, F., Die 
Familien der Keptilien, p. 129. Berlin, 1923, — Pahat, W., Die Thierfkhrten in dem Rotbliegenden 
Deutschlands. Nova Acta Acad. Caes. Leop.-Car., vol. Ixxxix., p. 315, 1908. — Schmidt, //., Stego- 
cephalenfahrte aus dem sachsischen Obercarbon. Palaeont. Zeitschr., vol. ix., p. 176, 1928. 
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Order 3. URODELA.^ {Caudata; Batrachia gradmitia.) 

Elongate tailed Amphibia with naked shin, usually with two pairs of short limbs, 
and with or without external gills. Hoof of temporal region of skull reduced ; no 
supraoccipital, postorhitals, and su 2 )ratemporals. No pineal foramen. Vertebrae 
usually completely ossified, llio-sacral connection acetabular, 

Urodeles are distinguished from Stegocephalians chiefly by their naked 
body, solid vertebrae, usually short ribs, and peculiarities in the conformation 
of the skull and pectoral arch. The vertebrae may be either amphicoeloiis or 
opisthocoelous, are rarely pierced for the notochord, and have weakly developed 
spinous and transverse processes. 

The skull in the existing forms (Fig. 329) is broad, flattened, and anteriorly 
rounded, and remains partly cartilaginous even in the adult, with both mem- 
brane and cartilage bones. The cranial roof is formed by the parietal, frontal, 
and prefrontal elements, adjoining which on either side are the large temporal 
fossae and orbits. The nasal capsule is sometimes covered by ossified nasals, 
and sometimes remains cartilaginous. The anterior and lateral margins of 
the skull are formed by the premaxillae and maxillae, but the latter are 
sometimes entirely wanting. In the basioccij)ital region only the exoccipitals 
are ossified, and the auditory capsule remains either cartilaginous or partially 
ossified, being covered by a thin, transversely elongated squamosal. Jugal 
and quadrato- jugal are absent, the quadrate is small, and only its articular 
extremity is ossified. Parasphenoid, vomers, and pterygoids are conspicuous 
on the under side of the skull, but the palatines are frequently atrophied. 
Small, acutely conical pleurodont teeth (Fig. 329) arc present in both jaws, 
and also on the vomer and palatines. 

The pectoi'ol arch remains for the most part cartilaginous. Only the ventral 
portion of the scapula unites with the proximal ends of the coracoid and 
precoracoid to form a common osseous plate. In the ptelvic arch only the 
ilium and large ischia are regularly ossified, the pubis remaining, as a rule, 
cartilaginous. The limbs do not differ essentially from those of Stego- 
cephalians, and the carpus and tarsus exhibit various degrees of ossification. 

Urodeles live in fresh water or in damp shady places on the land, sub- 
sisting on worms, gastropods, small aquatic animals, and fish spawn. Fossil 
remains occur usually in freshwater deposits, and are always very rare. Only 

^ Adwms^ yl., and Marlin, II. T., A New Urodele from the Lower Pliocene of Kansas. Amer. 
Journ. Sci. [5], vol. xvii., p. 504, 1929. — BoLkay, St. J., Schiidel der Salamandrinen. Zeitschr. f. 
Anat. u. Eutwiukluugs., vol. 86, }). 259, 1928. — D' Eraamo, G., Fauna dei calcari di Pietraroia. 
Palaeont. Italica, vol. xxi., p. 56, 1915. — Dollo, L., Note sur le Batracien de Bernissart. Bull. 
Mus. Roy. Hist. Nat. Bolg., vol. iii., p. 85, 1884 \_Ilylaeobatrachus\. — Laube, G, C., Andriasreste aus 
der bdhmischen Brannkohlenformation, Abhandl. deutsch. naturw. Ver. “ Lotos,'’ vol. i., pt. 2, p. 1, 
1897. — Amphibienreste aus dem Diatomaceeuschiefer von Sulloditz. Xoc. cit., vol. i., pt. 8, p. 1, 1898. 
— Also ^oc. cU., vol. ii., pt. 4, p. 52, 1901. — Lidnut, A., Neue A «rfri«.v-Ile.ste aus dem bdhmischen 
Tertiar. Palaeont. Zeitschr., vol. xi., p. 102, 1929. — Meyer, H. von, Zur Fauna der Vorwelt, pt. 2. 
Frankfurt, 1845. — Salamandrinen aus der Braunkohlc, etc. Palaeontogr., vol. vii., p. 46, 1860 ; 
also vol. ii , p. 70, and vol. x., p, 292, — Moodie, li. L., The Ancestry of the Caudate Amphibia. 
Amer. Nat., vol. xlii., p. 361, 1908. — Noble, G, K,, Two new fossil Amphibia from the Miocene of 
Europe. Amer. Mus, Novitates, no. 803, 1928. — Ste/ano, G, de, Sui batraci urodeli delle Fosforiti 
del Quercy. Boll. Soc. Geol. Ital., vol. xxii., p. 40, 1908. — Stranch, A., Revision der Salamandriden- 
gattungen. St. Petersburg, 187% — Wiedersheini, Ii,, Salamandrina per^ictllcUec, Versuch einer 
vergleichenden Anatomie der Salamandrinen. Wiirzburg, 1875. — Das Eopfskelet der Urodelcu. 
Leipzig, 1877. 
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three Mesozoic skeletons are known, and the few Tertiary genera are scarcely 
distinguishable from those now living. 

A 



Fi«. 329. 


Skull of CrypUibranchwi japonicus v. d. Hoeven. A, dorsiil, and /i, jwilatal aspects. C, left ranuis 
of lower jaw. KxO, exoceipitjil ; Fr, frontal; O, italatine vacuity; Mx, maxilla; N, external nares ; Na, 
nasal ; OSph, orbitosplienoid ; Fa, parietal ; Pimc, premaxilla ; Fr/, prefronUil ; Ft, pterygoid ; FSph, imm. 
spiienoid ; Qu, quadrate ; Sq, squamosal ; Vo, vomer. In iiiandibkj—anflr, angular ; art, articular ; d, 
dentary ; rful, mandibular ramus. 

Sub-Order 1. lOHTHYOIDEA. 

Vertebrae amphicoelou.% with persistent remnants of notochord. Three pairs of 
pe 7 *sistent external gillSy or in their absence a branchial aperture. Eyes small, without 
distinct lids. Living in water. 

To this group probably belong the unique skeleton of Hylaeobatrachus croyi 
Dollo, from the Wealden of Bernissart, Belgium, the earliest known typical 
Urodele ; and also the giant salamander from the Upper Miocene of Oeningen, 
Baden (Andrias scheuchzeri Tschudi, Fig. 330), originally described by Scheuchzer 
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as Homo diluvii testis. The latter species attains a length of about 1 m., and 
differs but slightly from the recent Cryptohranchus v.d. Hoeven (Megalohatrachus 
Tschudi) of Japan. A somewhat smaller species 
(Andrias tschudii v. Meyer) occurs in the Miocene 
lignite of Rott, near Bonn ; and Andrias hohemicus 
Laube is found in the Upper Oligocene lignite 
of Bohemia. Orthophyia H. von Meyer, from the 
Upper Miocene of Oeningen, Baden, is of doubtful 
affinities. Plicagnatlms H. J. Cook is the name 
of jaws from the Lower Pliocene of Nebraska, 

U.S.A. The systematic position of Hemitrypm 
Cope and Scapherpeton Cope, from the Upper 
Cretaceous of Montana, U.S.A., and Albert-Ji, 

Canada, is uncertain (L. M. Lambe, Contrib. 

Canad. Palaeont., vol. iii., p. 31, 1902). 

Sub-Order 2. SALAMANDRINA. 

Vertebrae amphicoelous^ rarely opisthocoekms, 
completely ossified. JVithout gills or gill aperture ; 
well -developed eyelids always present. Maxillae 
present ; both jaws toothed. 

Several genera resembling recent newts and 
salamanders occur sparsely in the Cretaceous 
of Pietraroja, Prov. Benevento, Italy ; Oligocene 
of Quercy and Miocene of Sansan in Prance ; 

U pper Miocene of Oeningen, Baden, and of Teruel Fia. 330 . 

in Spain: Lower Miocene of Rott and Erpel, Andrias sdieuchzeri TKcUiuii. 

V, j.-LTk-L • rrx* K Uppt'i* Miocene. ; Oeningen, Baden. 

near Bonn ; and the Bohemian lertiary. Among i/^ nat. size, 
these may be mentioned Polysemia, Heliarchony 

and ArchaeMriton v. Meyer ; Megalotriton Zittel ; Ileteroclitotriton de Stefan o ; 
Oligosemia Navds ; Cheloiriton Pomel ; Tylototriton Anderson ; and possibly Molge 
{Triton) itself. Plioamblystoma Adams, from the Lower Pliocene of Sherman 
Co., Kansas, is related to the existing Amhlystoma Tschudi. 

Footprints which may bo Salamandrine occur in the Fort Union Beds 
(Paleocene) of Montana {Ammohatrachus montanensis C. W. Gilmore, Proc. U.S. 
Nat. Mus., vol. 74, art. 5, 1928). 

Order 4. ANURA. ^ {Ecavdata ; Batrachia salientia.) 

Naked, tailless, short and broad Amphibia, with vertebrae usually procoelous. 
Caudal vertebrae coalesced into a slender elongate piece, or coccyx. Pubis and ischium 

' Bolkay^ St. .A, Additions to the Fossil Herpetology of Hungary from the Pamioiiian and 
Praeglacial Period. Jahrb. k. iingar. geol. Eeichsanst., vol. xxi., p. 117, 1913. — Boulenger^ G. A., 
The Occurrence of Discoglosaus in the Lower Miocene of Germany. Ann. Mag. Nat. Hist. [6], vol. 
viii., p. 83, 1891. — Camp., C. Z., Extinct Toad from Rancho La Brea. Bull. Dept. Geol. Univ. 
California, vol. x., p. 287, 1917. — Fejirodry^ O. J. dcy Bana mihdyi. Jahrb. k. ungar. geol. 
Reichsanst., vol. xxiii., p. 133, 1916. — Anoures fossiles des couches preglaciaires de Puspdkfurdd en 
Hongrie. Fdldtani Kdzlony, vol. xlvii,, p. 1, 1917. — Osteologie, Phylogenie, nnd Systematik der 
Anuren. Archiv f. Naturgesch., vol. Ixxxvii., pt. 3, p. 1, 1921. — FraaSy E.y Rana danuhiana H. 
v. Meyer var, mm 0. Fraas aus dem Obermiocan von Steiuheim. Jahresh. Vereins f. vaterl. 
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fused, Ilio-sacral attachment extremely pre-acMahvlar, Carjpus and tarsus ossified^ 
and the two hones forming the proximal row of the latter greatly elongated, Devehp- 
ment by metamorphosis. No gills in the adult. 

The vertebral column consists in the adult of from ten to twelve usually 
procoelous vertebrae, all of which with the exception of atlas and coccyx bear 
A ji stout transverse processes. Short ribs are 

present only in the Discoglossidae. All the 
post-sacral vertebrae become fused during 
metamorphosis into a single caudal piece, 
^ coccyx or urostyle (Fig. 331). 

The shill (Fig. 332) is flattened, with 
<i==dp^M» very large orbits. Parietals and frontals 
are fused into an elongated pair of median 
“■ elements, in front of which lie the ring- 

*• shaped sphenethmoid (or orbitosphenoid) 

‘ nasals. The basioccipital region and 

auditory ca})sules are ossified ; the i)ara- 
ll f ' sphenoid is T-shaped ; and the pterygoid, 

roc..l| I-.— coc palatine, and jugal are well developed, 

I the last-named joining the maxilla in front 

I and quadra to-jugal behind. Small, bristle- 

I like pleurodont teeth occur on the jaw- 

I Fio. 331 . bones and vomer, or may be entirely 

Vert<!bral column of liana esi-rilenta Innri. yf, Wanting, 
dorsal; and li, ventral aspect, atl, atlas ; » 7 7 /tt** ooo\ .• 

coccyx ; d, tmnsverso process ; se, sacrui vertebra; 1 DG peCtOTiU (IXCfl (big. 333) IS remark- 

«,iant(irior, and c',posteri()rzygaijopliyscs. Nat. ]aj.ge scapular element, wllich 

is commonly divided and incompletely 
ossified, and joins the coracoid and clavicle. The sternum is also large 
and more or less cartilaginous ; of its three ossified portions, the anterior is 
called the omosternum ; the middle piece is the sternum proper ; and the 
posterior, which terminates in a semicircular cartilaginous expansion, is the 
xiphisternum. Ulna and radius arc fused, the two rows of small carpals are 
ossified, and the manus has four digits. 


Naturk. Wiirtt., 1903, no. 25. — J/aughton, S. II, y Fossil Frogs from the Clays at Banke. Trans. 
Koy. Soc. S. Africa, vol. xix., p. 233, 1931. — Meyer^ 11. voriy Zur Fauna der Vorwelt, pt. 1. 
Frankfurt, 1845. — Also articles in Palaeontogr., vol. ii., p. 70 ; vol. vii., p. 46 ; and Ncues Jahrb. 
fiir Min., etc., 1843, pp. 395, 680; 1845, p. 798; 1846, p. 351; 1847, p. 192; 1861, p. 78; 
1852, pp. 57, 465 ; 1853, p. 162 ; 1858, p. 202 ; and 1863, p. 187 . — MoodUy R. Z., An American 
Jurassic Frog. Amer. Journ. Scl, vol. xxxiv., p. 286, 1912. — Fossil Frogs of North America. 
Loc. cit.^ vol. xxxviii,, p. 631, 1914. — Navds, R. P. Z., Algnnos fdsiles de Lihros (Teruel). Bol. 
Soc. Iberica de Cien. Nat., vol. xxi., p. 52, 1922. — Noble, G, K., New Spadefoot Toad from the 
Oligocene of Mongolia, with a Summary of the Evolution of the Pelohatidae. Amer. Mus. Novit., 
no. 132, 1924. See also /oc. cit., nos. 803, 1928 ; 401, 1930. — Parker, H, IF., Two Fossil Frogs 
from the Lower Miocene of Europe. Ann. Mag. Nat. Hist. [10], vol. iv., p. 270, 1929. See also 
loc, cit,, vol. vi., p. 201, 1930. — Piveteau, J,, Quelques amphibiens anoures. Ann. Paed^ont., vol. 
xvi,, p. 61, 1927 . — PortiSy A., Resti di batrachii fossili Italian!. Atti R. Accad. Torino, vol. xx., 
p. 1173, 1885 . — Riabinitiy A. N.y Ein fossiler Frosch aus Transkaukasien. Proc. Russ. Palaeont. 
Soc., vol. vii., p. 87, 1928 [in Russian], — Vidal, Z. M,, Sobre la presencia del tramo Kimeridgense 
en el Montsech y hallazgo de un batracio en sus hiladas. Mem. R. Acad. Oicncias, Barcelona 
[3], vol. iv., no. 18, 1902. — Westenhli/er, M,, Morphogenese der Aniiren. Sitzuugsb. Qes. natui'f. 
Freunde, Berlin, 1929, p. 81. — Wolterstorff, W,, t)ber fossile Frosche iusbesondere PalaeclHxiraefi'UA 
[with complete bibliography]. Jahresb. Naturw. Vereins Magdeburg ftir 1886, *86, 1886-87. — t)ber 
fossile Frosche aus der Papierkohle von Burgbrohl (Laacher See). Jahrb. preuss. geol. Landesanst. 
Berlin, vol. xlix., p. 918, 1929. 
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The three elements of the pelvic arch are coossified at the acetabulum on 
either side to form a single piece, which joins its fellow in a median symphysis. 
Tibia and fibula are fused, the two bones forming the proximal row of the 



Fm. 


Skull of Rana eurvXtmia Ijinn. From above. From the fcide, (\ From below. Rth, sphenethmoitl 
(orbitOKphenoid) ; Kro, exoceiinl^il ; FvJ'a, fronto-parietal; fey, hyoid; A/d, lower jaw; maxilla; Na, 
nanal ; P, petrosal ; iV, palatine ; Pmx, jiremaxilla ; PSph, parasphenoid ; Ft, pteryj^oid ; QuJ, quadrato-jugal ; 
Sq, squamosal (tympanic) ; Vo, vomer. Nat. size. 


tarsus (astragalus and calcaneum) are much elongated, and the pes has five 
digits. 

Fossil Anura are rare, the oldest known remains occurring in the Upper 
Jurassic of the Montsech, Lerida, Spain (Montsechohatrachus Fejervdry), and 
of Wyoming, U.S.A. (Eobatrachus Marsh). Another genus {Siremmeia Nopcsa) 
may perhaps be represented by fused carpal bones from the Upper Jurassic or 
Lower Cretaceous of Tendaguru, Tanganyika Territory, East Africa. Others 
are found in the Upper Eocene of India 
(Oxyglossus pusillus Owen sp.) and Wyo- 
ming. A few genera are known from the 
Upper Eocene, Oligocene, and Miocene of 
Southern France, Spain, Northern Italy, 

Germany, and Transcaucasia, Eana, Dis- 
coglossuSf and the extinct Palaeohatrachus 
Tschudi and Frotopelohates Bieber being 
the commonest forms. Asphaerion H. von 
Meyer, from the Miocene of Bohemia, 
seems to be related to liana, Phospliatised 
mummies both of liana and Bufo occur in 
the Oligocene Phosphorites of Quercy, France. The extinct Macropelohates 
Noble is found in the Oligocene of Mongolia. The Miocene lignites near Bonn 
yield not only numerous perfect skeletons, but impressions of tadpoles belong- 
ing to the genus Palaeohatrachus Tschudi (Figs. 334, 335); also skeletons of 
the allied genus Lithobairachus Parker (referred to Hyla by Noble), and an 
extinct genus of Pehhatidae^ Eopelohates Parker. Skeletons of an extinct genus 
Eozenopoides Haughton occur in the Lower Tertiary, and skulls of Xenopus 
stromeri Ahl in the Middle Tertiary of Namaqualand, S.-W. Africa. 

Complete skeletons of large toads (Latonia seyfriedi v. Meyer; Pelophilus 
agassizi Tschudi) are known from the Upper Miocene freshwater marls of 
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Oeningen, Baden. The equivalent deposits of Giinzburg, Steinheim, Sansan, 
and Sinigaglia likewise yield remains of Anura (Jianavus^ Bufavus Portis, etc.). 



Fig. 334. 

Palnwbatrarhus grandipes Giebol. Ijigniie ; Oriiberg in 
Siebengebirge, nat. size (after Wolterstorfl). 



Kju. 8:r,. 

Larvae of ralaeubalrarhuit 
fritschii Wolterstorff. Mio* 
cene Lignites ; Kalt«*nnor(b 
heim, Rhim. Nat. size (aaer 
Wolterstorff and Mayer). 


Pliocene and Pleistocene Anura belong chiefly to recent genera, but Diplo- 
pelturus Deperet is an extinct genus in the Pliocene of Rousillon, France, 
Platosphus de ITslo in the Lower Pleistocene of Durfort (Gard), France, and 
Pliobatrachus Fejervary in Pre-glacial deposits in Hungary. 

Bafo occurs in the asphalt deposit of Ibincho La Brea, California. 
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Class 3. REPTILIA.1 

Cold-hlooded, naked ^ scaly or armoured vertebrates, breathing exclusively by lungs, 
and living on land or in water. Embryo with amnion and allantois, development 
without metamorphosis. Heart with two auricles, but usually with the ventricle 
incompletely divided. Skeleton completely ossified. Skull usually with a single basi- 
occipital condyle ; mandible of several bones. Two j^airs of limbs usually present ; 
metapodial bones separate. 

In external appearance (Fig. 336) most of the existing Reptiles closely 
resemble Amphibians, but are much more differentiated as a class, and are 
mostly of greater size. Among extinct Reptiles the limbs exhibit great 
diversity in structure and function. Among the Pterosauria the anterior 
limb is transformed into a flying organ with a flexible wing membrane ; among 
Dinosaurs the appendicular skeleton attains a size and stoutness unsurpassed 
]>y the largest land mammals ; in marine Reptiles the limbs are paddle-shaped ; 
and in most Jjacertiliaiis, Theroraorphs, Crocodiles, and Dinosaurs the limbs 
are for walking and running ; while the only limbless forms occur among the 
Sipiamata (snakes and certain lizards). 

The integument of Reptiles is tougher than that of Amphibians, and an 
exoskeleton is often developed by the ossification of the cutis and cornification 
of the epidermis. The former may give rise to bony scutes overlapping one 
another in a lectiform manner, or to larger bony plates with closely applied 
edges, arranged so as to form a more or less continuous shield, as in tortoises. 

The vertebral colum,n is always ossified, although remnants of the notochord 
may persist in the centra. In all cases v^here both pairs of limbs are present, 
cervical, dorsal, sacral, and caudal regions are distinguishable, and the dorsal 
series may be often subdivided into thoracic and lumbar vertebrae. The 
vertebral centra exhibit all gradations between amphiplatyan (flat-ended), 

^ AUaTos, L, A., Phylogeuy of the Jaw Muscles in Recent and Fo.ssil Vertebrates. Ann. New 
York Acad. Sci., vol. xxviii., p. 51, 1919. — Bawr, Q., Phylogenetic arrangement of the Sauropslda. 
Journ. Morphol., vol. i., p. 93, 1887. — Bemerknngen fiber die Osteologie der Schlafengegend der 
hoheren Wirbeltiere. Anat. Anz., vol. x., p. 315, 1894. — Broom^ R.y Temporal arches of the Reptilia. 
Proc, Zool. Soc., 192*2, p. 17. — Cope, K. /A, On the homologies of the posterior cranial arches in the 
Reptilia. Trans. Anier. Phil. Soc., vol. xvii., p. 11, 1892.- — Furbringcr^ Jl/., Zur vergleichenden 
Anatomic des Brustschulterapparats und der Schultermuskeln. IV. Teil. Zeitschr. ffir Natur- 
wissensch., vol. xxxiv., 1900. — Gadou\ H,, Amphibia and Reptilia. Cambridge Nat. Hist., vol. 
viii., 1901. — Goodrich, E, S„ Classification of the Reptilia. Proc. Roy. Soc., vol. Ixxxix. b, p. 261, 
1916. — Gregory, W, K., and Gamp, C, L,, Studies in Comparative Myology and Osteology. Bull. 
Amer. Mus. Nat. Hist., vol. xxxviii., p. 447, 1918 ; see also vol. xlii., p. 95, 1920. — Lydekker, R,, 
Catalogue of the fossil Reptilia and Amphibia in the British Museum, vols. i.-iv. Ijondon, 
1888-90. — Meyer, II. von, Zur Fauna der Vorwelt, pts. i.-iv. Frankfurt, 1845-60. — Nopc*a, F„ 
Die Familien der Reptilien. Fortschritte der Geol. u. Palaeont. Berlin, 1923.— The Genera of 
Reptiles. Palaeobiologica, vol. i., p. 163, 1928. — Osborn, H. F., The Reptilian Subclasses 
Diapsida and Synapsida and the Early History of the Diaptosauriiu Mem. Amor. Mus. Nat. 
Hist., vol. i., p. 451, 1903. — Owen, R., Report on British Fossil Reptilia. Rep. Brit. Assoc. 
Adv* Sci., 9th Meet., p. 43, 1839. AX&oibid,, 11th Meet., p. 60, 1841.— A History of British 
Fossil Reptiles. London, 1849-84. — Paw Straelen, V,, Les cieufs de reptiles fossiles. Palaeo- 
biologica, vol. i., p. 295, 1928. — Vorsluys, J,, Das Streptostylie-Problem. Zool. Jahrb., Suppl. 
XV., p. 645, 1912. — Phylogenie der' Schlkfengruben und Jochbogen bei den Reptilia. Sitzb. 
Heidelberg. Akad. Wiss., math.-naturw. Kl. B, 1919, Abh. 13. — Watson, D. M. S., Sketch 
classification of the Pre-Jurassic Totrapod Vertebrates. Proc. 2k)ol. Soc., 1917, p. 167. — Williston, 
S, W., American Permian Vertebrates. Cbicago, 1911. — Water Reptiles of the Past and Present. 
Chicago, 1914. — Phylogeny and Classification of Reptiles. Journ. Geol., vol. xxv., p. 411, 1917. — 
Osteology of the Reptiles, ed. W. K. Gregory. Cambridge, Mass., 1925. 
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amphicoelous (hollow-ended), procoelous (hollow in front, ball behind), and 
opisthocoelous (hollow behind, ball in front) ; and the union between the 



centra and their neural arches may be cartil- 
aginous, sutural, or by anchylosis. The neural 
g spines are always ossified. Sometimes they 

I are enormously produced, in other cases (C%«- 
Ionia) laterally expanded and united with 

a dermal plates. The anterior zygapophyses 
■g) have facets looking inward and upward, which 
^'g are overridden by the post-zygapophyses of the 
So vertebra immediately in front; and in the 
'll Squamata and Dinosauria the vertebrae are still 
^ further joined by a median process given off 

I I from the anterior (zygosphene) or jjosterior 
|:j (hyposphene) end of the neural arch, and received 

g into a notch of the arch next in front (zygantrum) 
gS or behind (hypantrum). The cervicals generally 
bear short transverse processes {diapophyses) 
attached to the sides of the centra, but in 
the dorsal series these processes are usually 
gS given off from the neural arches. In the 
1^ cervicals also there is sometimes a single or 
paired process from the lower face of the 
centrum (hypapophysis). The haemapophyses 
1 1 of the caudal series form chevron honeSf of 
which the two halves often unite in a single 
cl piece. The two foremost cervical vertebrae, 
li' the atlas and axis (or epistropheus), are closely 
- 1 connected and differ much from all the other 
S 1 vertebrae, being specially adapted to give free 
movement to the head (Fig. 337). The body 
or centrum of the atlas is firmly connected 
•“I or fused with that of the axis, forming the 
I > odontoid process of the axis. The atlas thus 
;3| usually becomes ring-shaped, being formed by 
I f the neural arch meeting or fused with a ventral 
1 5 wedge-bone or intercentrum. The bony ring 
is crossed by a strand of connective tissue, which 
.S separates the upper passage for the spinal 
chord from the lower space into which the 

1 odontoid process projects. Between the neural 

2 arch of the atlas and the occiput there is often 

0 a more or less vestigial neural arch, the proatlas. 

1 Among existing Reptiles there are never more 
I than two sacral vertebrae, but the sacrum of 

Dinosaurs sometimes comprises as many as ten, 
and that of Pterosaurs from four to seven verte- 


brae. When more than three are present, however, they are usually cobssified 
into a single piece (synsacrum). Only among Ophidians, Pythonomorphs, and 
Ichthyosaurs is there no differentiated sacral region* Small wedge-shaped 
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intercenira {hypomitra) may be inserted between the cervicals, caudals, and a 
portion or all of the dorsals. 

All the vertebrae with the exception of the posterior caudals may bear ribs. 
Cervical ribs are as a rule short, and in some groups have the distal end ex- 
panded in hatchet-shaped fashion. When a sternum ^ 

is present, the ribs with which it is connected \ 

facilitate the distinction between cervical and h t ^ X 

dorsal regions. The posterior dorsal ribs have f \ 

free extremities, and lumbar vertebrae are usually 

without ribs. Cervical ribs are usually double- 

headed, and the centra exhibit two facets for their 

attachment. Dorsal ribs may be either single- or 

double-headed, and in Chelonians are remarkable AUas ami a»is iVK.mmaa,y.eatia» 
for their union with the broad costal plates of the 'inw (j), the axis in left side 

carapace. In a double-headed rib (rig. 338) the andaxts respectively ; to, band beneath 

I i.* 1 i.* *1 Ml i .1 ‘j 1 f he. s]>iiml chord and above the space for 

lower articulation is described as the capitulnm, the odontoid process; rp, cpi, two 
the upper as the Mereulum. Many of the MejMia !;S^ire'’‘S»Tff, irticnia? 
develop so-called abdominal ribs, oi* gastralia. which occipit-ai condyle ; pt, postzyKu- 

^ 1 pf>phyKi8 ; x, unpaired w«‘dKe-l)one com- 

are ossincations of the connective tissue, and cor- pietiiiKtUe atlas below; i, centrum of 

respond to the ventral scutes of Stegocephalians. ®|*ce!ftruVorax^^ ’ 

The skull (Fig. 339) agrees more nearly with 
that of Birds than that of Amphibians in its general features, and the ossifica- 
tion of the primordial cranium is much more extensive than in the latter 

group. The investing membrane bones are so intimately united with true 

cartilage bones that a distinction is often impossible. Tlie basiocciput usually 
articulates with the atlas by means of a single, sometimes tripartite condyle, 
formed either by the basioccipital alone, or by this bone in conjunction with 
the exoccipitals. In some Theronwrpha the exoccipitals alone form a pair of 
A condyles. Both the basi- 

occipital and supraoccipital 
\ may be excluded from the 

dj^y\ d t harder of the /orame7t magnum. 

bones forming the 

>/ auditory capsule, the prootic 
^ W/C * (petrosal) is situated in front 

Fi<;. 838. of the lateral parts of the 

Anterior (/4) and posterior (B) (iorsal vcrtebi-a of Alligator limns, occipital region : it OCCUrs aS 
fiontview. C, cfipitiilurn of rib ; d, transverse process (diapophysis); ^ o J •+ X 


,Pr.d t 


IIUUli VI«W. U, UiipiLilllUiJJ Wl XIU , U-, , - - J -i ^ 

M, canal for spinal choni ; OB, neural arch ; P, parsipophysis ; Pr, a separate 00116, and itS front 

pie'-oed for the 
third branch of the trigeminal 
nerve. The opisthotic (paroccipital) is often fused with the exoccipital, and 
the epiotic with the supraoccipital. Besides the usual auditory opening, or 
fenestra ovalis, there is commonly a fenestra rotunda; the position of the 
former is usually between the opisthotic and prootic. A bony columella auris 
(stapes) is present. At the base of the skull immediately in front of the basi- 
occipital occurs the basisphenoid, a true cartilage bone, continued forwards by 
a rudiment of the parasphenoid. 

Alisphenoids and orbitosphenoids are as a rule wanting, or are replaced 
by downwardly directed processes of the parietals and frontals. The last- 
named bones are usually of large size, and may be either paired or unpaired. 
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Applied to the parietals on either side is a large squamosal, which takes part 
in the posterior cranial border and that of the snpratemporal vacuity. The 
lower end of the squamosal usually abuts against the quadrate, which bears a 
condyle for articulation with the lower jaw. Sometimes the squamosal is 

Por Pa divided, the upper 

portion being named 
supratemporal or pro- 
squamosal. Behind 
the parietals and squa- 
mosals along the occi- 
pital border there are 
often various rem- 
nants of the post- 
parietal (or inter- 
parietal) and tabular 
bones, which are so 
conspicuous in the 
Stegocephali a n s. 
They sometimes ex- 
tend the cranial roof, 
sometimes turn down- 
wards on the occipital 
face. 

Among the Sqiia- 
mata the quadrate is 
movably articulated 
with the squamosal, 
being united by liga- 
ments only {Sirepto- 
stylicn) ; but among 
other Reptiles it is 
usually attached to 
the skull by suture 
(Monimostylica). The 
quadra to- jugal, when 
present, lies above and anterior to the quadrate, connecting it with the jugal. 
The latter joins the hinder end of the maxilla, and forms with it the inferior 
border of the orbit. The bony arcade separating the orbits and temporal 
fossae is formed either by the postorbital alone, or by that bone in connection 
with the postfrontal and jugal. The prefrontals are usually well developed, 
and adjoin the frontals on either side ; sometimes they exclude the latter from 
the superior border of the orbit, and they join the lachrymals in forming its 
anterior border. In the most primitive Reptiles the lachrymals extend as far 
forwards as the external nares. The nasal capsules are roofed by the pre- 
frontals and nasals, and bounded anteriorly by the paired or unpaired pre- 
maxillae. The latter, with the maxillae, complete the front rim of the upper 
jaw. A small membrane bone, the septomax illary, often occurs within the 
narial cavity {Sqmmata, Theromorpha, Gotylosauria) on each side as a roof to 
Jacobson’s organ, and in many Theromorpha it extends on the face. 

In the palate the pterygoids form the connection between the quadrates, 



Fio. 330, 


SphenoJon punotatm Gray. Recent ; New Zealand. Lateral, palatal, 
posterior, and superior aspects of skull. orbit; anpr, angular ; art, articu- 
lar ; Ho, basioccipital ; internal nares ; <7, dentary ; Exo^ exoccipital ; Fr, 
frontal; Ju, jugal; k, surangular; Mx, maxilla; N, external narial opening; 
Na, nasal ; Opo, opisthotic ; Fa, parietal ; FI, palatine ; J*mx, premaxilla ; For, 
postorbital ; Prf, prefrontal ; Ft, pterygoid ; F^f, postfrontal ; Qv, quadrate 
overlapped by qoadrato-jugal ; S, supratemporal vacuity ; So, supraoccipital ; 
gq and squamosal ; Fo, vomer. In this figure the transverse bone is omitted . 

nat. size. 
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baswphenoid, palatines, and vomers. They vary considerably in size and 
shape among the different Orders, according as the quadrate and rnaxillo- 
palatine apparatus are movably or rigidly united with the wall of the skull. 
In many forms a transverse bone (cctopterygoid) is developed between the 
pterygoid and maxilla, and a slender column-like bone, the columella or 
epipterygoid, extends between the parietal and pterygoid (Fig. 427). Some- 
times a flat expansion of the maxillae joins the palatines, and enters with 
these bones, the vomers, premaxillae, and pterygoids into the formation of 
a secondary bony palate. According to Broom, the parasphenoid corresponds 
with the vomer in Mammals, and the bones commonly named vomers in 
Reptiles should be known as pievoniers. The lower jaw is composed, as in 
Amphibians, of a dentary, splenial, coronoid, angular, and surangular formed 
from membrane ossifications, and an articular formed from Meckel’s cartilage. 
There are also sometimes prearticular and postsplenial membrane bones. 
Crocodiles have the lower jaw as well as many of the cranial bones hollow 
and pneumatic. 

Teeth are wanting only among all but the earliest Chelonians and isolated 
representatives of other groups. As a rule they occur extensively on the 
margin of the jaw, and in some cases also on the palatines, pterygoids, and 
vomers. The greater number are single-rooted, those with divided roots 
being very exceptional. The crown consists chiefly of dentine, covered with 
a layer of enamel ; cement enters but slightly into its composition, and 
vasodentine is entirely wanting. The form is usually sharply conical, 
either erect or recurved, but there are many other varieties, such as depressed, 
hemispherical, or even pavement-like teeth ; some have bevelled edges, or 
are chisel- or spade-shaped, and a few arc multi-cuspidate. Some have solid 
crowns, others grow from persistent pulps. Thecodont or socketed teeth are 
inserted in alveoli, acrodont teeth are fused with the supporting bone along 
the outer rim or top, and pleurodont teeth are fused laterally along the flange- 
like inner rim of the jaw. The successional teeth arise on the inner side of 
the functional teeth, and replace the latter by causing the resorption of 
their bases. In the Crocodiles and Placodonts replacement does not occur 
until the successional teeth have moved directly beneath the functional teeth. 

Except in Snakes and certain Lacertilians, two pairs of limbs are always 
present. In the pectoral arch the principal bones are the coracoid and scapula, 
which originate in cartilage and form the glenoid cavity for the humerus. 
In some of the more primitive Reptiles there is also a separately ossified 
precoracoid. Clavicles and an interclavicle, which are membrane bones, 
are also often present. The scapulae are normally directed upward and 
backward, and are well separated by the clavicular arch when it is present. 
The interclavicle ;(or episternum) may be rhomboidal, cruciform, or T-shaped. 
Posterior to the interclavicle is usually a flat, rhomboidal, or shield-shaped 
sternum, to which the anterior dorsal ribs are attached by means of inter- 
mediate pieces. Very frequently the sternum is wanting ; when present its 
antero-lateral margin is always applied to the coracoid, and when absent 
the coracoids unite in a median symphysis or are joined together by ligaments. 

The appendicular skeleton (Fig. 340) is essentially as in Amphibians. In 
the fore limb the humerus of some piimitive fossil forms is pierced at its distal 
end by one or two foramina, as in certain mammals ; but among living reptiles 
this character appears only in Sphenodon. The ulna often exceeds the radius 
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in length, and is sometimes provided proximally with an olecranon process. 
The carpus consists always of two rows of bones, of which the proximal contains 
two or three, and the distal from three to six elements ; occasionally these 
rows are separated by one or two centralia. There are commonly from two 
to five digits, and among Ichthyosaurs even more than five. In most Reptiles 
the toes comprise respectively 2, 3, 4, 5, 3 (or 4) phalanges, but the numbers 
are 2, 3, 3, 3, 3 in many Theronuyrpha (as in MawmaUa\ and they vary 
^ considerably in the paddles of the 



Chelonia^ Sauropterygia, Ichthyo- 
sauria, and the niarine Squaniata, 
Numerous modifications occur 
also in the pelvic region and pos- 

ji 



Fk;. 840. 

Ophiaeodon mii'jis Marsh. A, Uight fons limb, doraal view; and B, right hind ft)Ot, dorsal view. Lower 
Permian; New Mexico. A, astragalus; C\ calcaneum ; el, centralia; Fo, entepicondylar foramen; //, 

humerus ; i, int»)rmedium ; pisiform ; R, radius ; r, radiale ; £/, ulna ; 11 ^ ulnare ; 1-5, carpalia (tursalia) ; 
/-F, metacarpalia (metatorsalia) ; Ji-FL phalanges. About *>at. size (alter Williston). 


terior limb. A sacrum, consisting normally of two vertebrae, is present in all 
Reptiles except Ichthyosaurs, Snakes, and Pythonomorphs. Among Snakes the 
pelvis is either entirely wanting, or represented by vestiges ; and rudimentary 
ilia are present among apodal Lizards. All other Reptiles have a pelvis 
composed of the three usual elements, and as a rule they all take part in 
the formation of the acetabulum. The ilium is often much extended antero- 
posteriorly. I'he ischia are generally larger than the pubes, and both pairs 
converge ventrally in front, and join in median symphyses. The hind limb 
closely resembles the fore limb in most cases. One or two trochanters may 
occur on the proximal portion of the femur, and there are generally two rows 
of tarsals. The Sauropsida (Reptiles and Birds) differ from Mammals in 
having the ankle-joint between the two rows of tarsals, and never between 
the tibia and proximal tarsals. 

Their respiration being exclusively by lungs. Reptiles are adapted to a 
terrestrial or amphibious life. Even the small number of marine Ghelonians 
and Lacertilians visit the shores periodically for the purpose of depositing 
their eggs. Among extinct forms. Ichthyosaurs, Sauropterygians, Pythono- 
morphs, and many Crocodiles were truly marine, and provided with paddle^ 
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shaped extremities. The majority of fossil Reptiles, however, were land forms; 
some appear to have been arboreal, and the Pterosaurs, as their name implies, 
were adapted for flight, or at least capable of gliding through the air. 

The extinct Reptiles exhibit far greater diversity in structure than living 
forms, and hence a knowledge of their organisation is indispensable for an 


Diaf^am of the Cranial Rrjof in the variouH groups of Reptiles and a Bird, drawn by Dr. Robert Broom. 
Af primitlv<f typo with temporal region roofed (AviapHda) ; If, with lateral Utm(>oral vacuity (Synapnida, 
leading to Mammalia); C, with upper teiiiiK>ral vacuity (ParapsMa) ; D, with lateral and upper temporal 
vacuities (Diapsida, derived from Parapsida) ; K, with lowei arch which usually lx)unds lateral temporal vacuity 
missing (Sgimmata, derived from Diapkda ) ; F, bird (derived from JHapnida by loss of arches l)etween temi}oral 
vacuities and orbits). The bone marked Tb (tabular) in Figs. C, i>, E, is generally described as suprateinporal. 

understanding of the Class. The earliest undoubted reptilian remains are 
of Lower Permian age, and numerous forms are known from the Permian 
of Europe, North America, and South Africa. The culmination of the Class 
occurred during the Jura-Trias, after which Reptiles steadily declined. 

Reptiles and Amphibians were first distinguished and separated by 
Blainville in 1816 and by Merrem in 1820, but a satisfactory classification 
was impossible until after the researches of Owen, Huxley, von Meyer, Marsh, 
Cope, and others had much increased our knowledge of fossil forms. Even 
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now, many of the earliest Reptiles are still so imperfectly known 
that their classification is only provisional, but, following the lead of Cope 
and Baur, Osborn and Williston, it is generally agreed that the main 
groups can be diagnosed by reference to the arrangement of the roofing 
bones in the postero-lateral region of the skull. 

In the Anapsida (Fig. 341, A\ represented by the Order Cotylosauria, the 
roof remains continuous as in the Stegocephalians. In the Synapsida (Fig. 
341, represented by many of the Theromorpha^ a single temporal vacuity 
occurs on each side separatecl from the parietal by a band of bone which is 
formed by the postorbital and squamosal. In the Pampsida (Fig. 341, 6^, 
represented by the Orders Araeoscelidia, Ichthyosanria, Placodonfia, and 
Sauropterygia^ a single temporal vacuity occurs on each side between the 
parietal, postorbital, and scpiamosal. In the Liapsida or Archosauria (Fig. 
341, D)f both those temporal vacuities occur on each side. From the Diapsida 
appear to be derived the Squamata (Fig. 341, E)y which lose the lower, and 
often also the upper arch of bone bounding the temporal vacuities. From 
the Diapsida likewise may be derived the Birds (Fig. 341, F), in which the 
postorbital and upper temporal arches disappear. 

By Williston and Nopcsa the Order Chelonia is referred to the Anapsida^ 
but the absence of a precoracoid and certain other characters seem to suggest 
its affinities with the Orders of Parapsida. By Williston the Placodontia 
and Sauropterygia are separated from the Parapsida as Synapiosaaria^ by 
Nopcsa as Dranitesauria, By both Williston ancl Nopcsa the Sqvamatci are 
regarded as derived not from the Diapsida^ but from the Parapsida, 

Order 1. COTYLOSAURIA.^ 

Primitive land reptiles. Cranial roof continuous over temporal region, and 
bones often sculptured, A pair of rmrial openings, ami a pineal foramen. Vertebrae 
amphicoelous, often pierced by notochord*, neural spines low and stout. Bones of 
pectoral arch fused or firmly united by suture ; a distinct precoracoid. Bones of 
pelvic arch fused or firmly united by suture, meeting in median symphysis ; a pubic 
foramen ; acetabulum not perforate. Phalangeal formula usually 2, S, (4)- 

Dermal ossifications small or absent. 

The Cotylosaurians, ranging from the Lower Permian to the Trias, 
though mostly Permian, are found in North America, Europe, and South 
Africa. They are a primitive group of Reptiles closely related to the 
Temnospondylous Stegocephalians, and, like these, seem to have lived chiefly 
in marshes. Their continuous cranial roof, which is often sculptured (though 
without slime canals), the varied development of the otic notches behind, and 
the frequent presence of a cleithrum, are all Stegocephalian characters. They 
are distinguished by the reduction of the intercentra, the low and thickened 
neural arches with horizontal zygapophysial facets, and the presence of only 
two bones in the proximal row of the tarsus. 

According to D. M. S. Watson, the inclined quadrate bone of the Stego- 

^ Boulmger, G, A,, Considerations sur les reptiles permo-triasiques do I'ordre des Cotylo- 
sauriens. Comptea rendus Acad. Sci. Paris, vol. 165, p. 456, 1917, — Case, E, 0., Revision of the 
Cotylosauria of North America. Public, Carnegie Inst. Washington, no. 145, 1911. — Waison, 
D, M. 8., Brain-case in certain Lower Permian Tetrapods. Bull. Amer. Mus, Nat. Hist., vol. 
XXXV,, p. 611, 1916. See also Bibliography of Thermmrpha, p. 247. 
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cephali has become vertical in the Cotylosauria in two different ways. In 
the Pareiasauria the lower end of the bone has advanced forwards, in the 
Lahidosauria the upper end has moved backwards. 


Sub-Order 1. PAEEIASAUBIA. 

Head relatively large, with vertical quadrate and exaggerated laterally placed 
auditory {otic) notches, Tahular hones extended on dm' sal surface. Septomaxillary 
hone present. 


Family 1. Pareiasauridae.^ 

Brain-case long and low; ear-cavity separated hy hone from hrain-cavity ; 
tahulars and postparieials only on dorsal surface; large post-temporal fossae; one 



Fio. 34‘2. 

Pardasaurm (Brady snurxis) haini Seeley. Karroo Formation (Permian) ; Tamboer Fontoin, Cape Colony. 
Skeleton ; i/yo nat. size (after Seeley). 


occipital condyle. Teeth conical, m' with compressed, cuspidate crown, those on the 
margin of the jaws arranged in a close regular series. Smaller teeth usually present 
on palatines, pterygoids, and vomers. Pelvic hones fused in the adult. Limbs short 
and stout. Permian. 

Pareiasaurus Ow'en (Bradysaurus Watson ; Bradystichus, Nochelesaurus, 
Dolichopareia, Koalemasaurus, Brachypareia, Platyoropha Haiighton and Boons tra) 
(Figs. 342, 343). Skull broad, depressed, and triangular in form, the 

^ Boonstra^ L. />., Parciaaauriau Mamia. Ann. S. African Mns., vol. xxxviii., p. 97, 1929 ; also 
Pareiasanrian Pes. Loc. cit., p. 113, 1929. — Cranial Osteology of Pareiasauriis serndens (Qytexi). 
Ann. Univ. Stellenbosch, vol. viii., sect. A, no. 6, 1930. — Broom, R., Skeleton of Pareiasaurus 
serridena. Ann. S. African Mus., vol. iv., p. 123, 1903. — Pareiasanrian genus Propajijyas. Loc. 
cit., vol. iv., p. 851, 1908. — New Species of Propappus'MioX Pose of Pareiasanrian Limb. IjOc. cit., 
vol, vii.,p. 828, 1912. — Broom, R., and Haughton, S. H., Skeleton of new Pareiasanrian (Pareia- 
suchus peringtieyi). Loc. ctY., vol. xii., p. 17, 1913. — Hartmann- Weinberg, A., Carpus und Tarsus 
der Pariasanriden. Anat. Anzeig., vol. Ixvii., p. 401, 1929. — Zur Systematik der Nord-Diina- 
Pareiasauridae. Palaeont. Zeitschr., vol. xii., p. 47, 1930. — Haughton, S, II., Some Pareiasanrian 
Brain-Cases. Ann. S. African Mus., vol. xxviii., p. 88, 1929. — Haughton, S. //., and Boonstra, 
Zr. JD., Classification of the PareicLsauria, Loc, dt., vol. xxviii., p. 79, 1929. — Pareiasanrian 
Mandible. Tom, cU,, p. 261, 1930. — Hind Limb. Tom. cit,, pp, 297, 429, 1930-32. — Fore 
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Fio. 843. 

Pareinsaurus (nmiif/saitrus) haini Seeley. Re- 
storation of j)eetoral anih. Ponnian ; South Africa. 
Cl, clavicle; Clth, cleithmm ; Co, coracoid; Pst, 


external bones coarsely sculptured, but their sutures not clearly distinguish- 
able. Orbits relatively small, laterally placed. Occipital condyle slightly 

indented. Bones of the palate fused, and 
bearing several series of small teeth. 
Stapes articulating with quadrate. About 
eighteen presacral vertebrae, each with 
a deepened articulation for the ribs, which 
are only double-headed anteriorly. Small 
intercentra between all the dorsal verte- 
brae ; the four sacral s not fused. About 
vertebrae, the anterior with 
Much rciucfid (aRcr Setdt^y and Fiirbringcn). short ri})S, and nearly all with noural 

arches and chevron bones. Scapula very 
long, with acromial process. Coracoid small and subrectangular, j)recoracoid 
narrow and triangular ; clavicles robust, meeting in the middle line and resting 
on the front border of the large T-shaped interclavicle. A cleithrum also 
present on each side. Glenoid cavity screw-shaped. Humerus short, massive, 
expjinded at the ends ; an entepicondylar foramen. Ulna very stout with 
prominent olecranon 
process. Pelvic bones 
massive, cobssified. 

Hind limb slightly 
shorter than the fore 
limb, and digits 
smaller ; the five digits 
of both feet with broad 
claws. Body with 
several rows of bony 
dermal scutes. P, serri- 
denSj P. homhifnms 
Owen ; P. haini Seeley. 

Skeletons from 2 m. to 
3 m. long from Karroo 
Formation (Lower 
Beaufort Beds, Tapino- 
cephalus Zone), S. 

Africa. Phalangeal 
formula of fore foot, 

2, 3, 3, 3, 2: According to Haughton and Boons tra, who propose to distribute 
the species of Pareiasaurus in several genera, the earliest Pareiasaurs have the 
marginal teeth with high crowns and few cusps, while the later forms have 
teeth with low and broad crowns and numerous cusi>s. 

Pareiasibchus Broom and Haughton. Differing from Pareiasaurus in the 
large quadrato- jugal region inclined far outwards and forwards so that its 



Fjq. 344. 

Elginia mirabUis Newton. Skull, from above. Permian ; Elgin, Scotland. 
Fp, pineal foramen ; N, external uarial opening ; 0, orbit. Vs size (after 
B. T. Newton). 


Limb. Tom, cit, p. 437, 1932. — Newton, E. T., New Eeptiles from the Elgin Sandstones. Phil. 
Trans. Roy. Soc., vol. i84B, p. 473 \_Elginia\, 1893. — Seeley, H, Q,, Pareiasaurus borMdens, 
PhiL Trans. Roy. Soc., vol. 179b, p. 69, 1888. — Further Observations on Pareiasaurus, Loc, cit,, 
vol. 188b, p. 311, 1892. — Armour of Pareiamurus, Proc. Zool. Soc., 1908, p. 606. — Sushkin, 
P, P, [Skull of '‘'‘Pareiasaurus** karpinsHi^ Palaeoiit. Zeitschr., vol. viii., p, 298, 1927. — 
Waisim, D, M, S,, Skull of a E’ariasatirian Reptile. Proc. Zool. Soc., 1914, p. 166. — Nomenclature 
of South African Pariasaurians. Ann. Mag. Nat. Hist. [8], vol. xiv., p. 98, 1914. 
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lower border makes an angle of about 120"* with the maxillary border; this 
cheek bearing largo bony bosses. periiigueyi B. and H., known by nearly 
complete skeleton from Lower Beaufort Beds, Zak River, S. Africa. 
karpinskii Sushkin, known by skeletons 2 m. to 3 m. long from Permian, 
Northern Dwina, Russia (well armoured and referred to a distinct genus 
Scutosaurm by Hartmann- Weinberg). 

Anthodon Owen. Karroo Formation ; S. Africa. 

Emhrithosawrus Watson. Bony dermal scutes thin and smooth. Ulna 
without olecranon process. Lowest Beaufort Beds ; S. Africa. 

Fropappus Seeley. Back thickly covered with large, slightly sculptured 
bony scutes. No ventral armour observed. Lower Beaufort Beds; S. Africa. 

Elginia Newton (Fig. 344). Known only by the skull, which is about 
15 cm. long, triangular, coarsely sculptured, and provided with a number of 
paired bosses and spinous or horn- like defences. These occur along the 
posterior and lateral margins, and on the 2 )arietal, frontal, and nasal bones. 
Teeth with slightly constricted base and serrated crown. Permian of Elgin, 
Scotland. 


Family 2. Diadectidae.i 

Brain-case long and low ; ear -cavity not separated hy hone from hrain-cavity. 
Lachrymal hone reaching nostril ; no post-temporal fossae. Anterior teeth obtusely 
conical, the other marginal teeth transversely extended, with tumid bases and inner 
ami outer aiS2^s of unequal height. Vomer mth minute teeth. Cleithrum present. 
Permian. 

Diadectes Cope (Empedias Cope ; ? Nothodon Marsh). Skull about 20 cm. 
long, with sculptured ornament. Orbits small and lateral ; pineal foramen 



Fin. 345. 

Dianparactus zenoa Case and Williston. Hestoration of sknlnton. Lower Permian ; 
New Mexico. About Vkj nize (after Ceho ami Williston). 


very large; large lateral otic notch, Intcrclavicle T-shaj^ed. Cleithrum 
fused with front edge of scapula. Over twenty presacral vertebrae, with 
hyposj^hene and hypantrum articulation ; two sacrals, and over thirty caudals. 
Intercentra present. Phalangeal formula oLhind foot, 2, 3, 4, 5, 4. D, sidero- 
pelicus Cope. Lower Permian ; Texas, U.S.A. Other species in New Mexico 
and Oklahoma. 

Diadectoides Case. With one sacral vertebra. Lower Permian ; Texas. 

^ Broom, R., Diadectid Skull. Bull. Amer. Mus. Nat. Hiwst., vol. xxxiii., p. 109, 1914. — 
Ootse, E. C., Osteology of the Diadectidae. Journ. Geol., vol. xiii., p. 126, 1906. — Restoration of 
Diadectes. Loc, cU., vol. xv., p. 566, 1907. — New or little-known Reptiles and Amphibians from 
the Permian (?) of Texas. Bull. Amer. M\is. Nat. Hist., vol. xxviii., p. 163, 1910. — Case, M. C., 
and Williston, S. W., Skulls of Diadectes lentus and Animamurus carinatus. Amer. Joum. Sci., 
vol. xxxiii., p. 339, 1912. — Horner, A. S., Permian Amphibian and Reptilian Remains described 
as Stephanospondylm. Journ. Geol., vol. xxxiil., p. 447, 1925. 
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Diasparactus Case (Fig. 345). Aniniasaums Case and Wil listen. Permian ; 
New Mexico. 

Desmatodon Case. Permian ; Pennsylvania. 

Stephanospo7idylus Stappenbeck. Molar teeth without lateral cusps. Verte- 
brae without hyposphene-hypantrum articulation. Cleithrum very large. 
S, pugnax Geinitz and Doichmiiller sp., about one metre long. Middle 
Rothliegendes ; Dresden. 

1 Phanerosaurus H. von Meyer. Permian ; Saxony. 

Chilonyx^ Bolbodon Cope. Permian ; Texas. 


Family 3. Procolophonidae.^ 

Brain-case short and high ; ear-cavity not separated by hone from brain-cavity ; 
lachrymal hone short, not reaching nostril; tabular hone large, partly extended on 



Procolophon trigoniceps Owen. Karroo Formation (Upper Beaufort Beds) ; South Africa. Restoration of 
Bkull from superior (A), inferior {Ji), and lateral (O') asx>ects, also i>art of the pecU)ral arch, slightly reduced, 
or, glenoid cavity for humerus ; bs, basisphenoid ; cu, coracoid ; eopt, octopterygoid ; ej>co, precoracoid (epi- 
coracoid) ; /, frontal ; icl, interclavicle ; ipt, interpterygoid vacuity ; 7, jugal ; I, lachrymal ; Itf, accidental 
vacuity ; md, mandible ; vuv, maxilla ; wx, nasal ; mr, external nares ; orb, orbit; p, downward ectopterygoid 
process ; fta, parietal ; pin, pineal foramen ; pi, palatine ; pnui, premaxillu ; pr/, prefrontal ; pt, pterygoid ; 
ptna, internal nares; ptf, postfrontal; />/<>, poHtr>rbital ; <jj, quadrato-jugal ; qv, quadrate ; st, squamosal ; $q, 
tabular ; v, vomer (after A. S. Woodward). 

occipital surface ; large post-temporal fossae. Marginal teeth transversely extended ; 
a few small conical teeth on palate. No cleithrum, Triassic. 

Procolophon Owen (Fig. 346), Skull short and triangular, not externally 

^ Boulenger, G, A., The Triassic Reptile Telerpeton elginense, Proc. Zool. Soc., 1904, vol. i., 
p. 470 . — OUrruyrei O. W,, New Fossil Reptile from the Triassic of New Jersey. Proc. U.S. Nat. 
Mus., vol. Ixxiii., art. 7, 1928. — Huene^ F, von. Die Procolophoniden. Centralhl. f. Min., etc., 
1911, p. 78.— 'Bin Telerpeton mit gut erhaltenem Schadel. Log, cit,, 1920, p. \^^,—Sclero8auru8, 
Zeitschr. f. indukt. Abstammungs- ii. Vererbungslehre, vol. xxiv., p. 163, 1920. — Seeley, H, O., 
Aristodeamus ruetimeyeri (Wiedersheiin). Quart, Journ, Geol. Soc., vol. Ivi., p. 620, 1900, — 
Procolophon, Proc, Zool. Soc., 1905, vol. i., p. 218. — Watson, D, M, S,, Procoloplwn trigoniceps. 
Proc. Zool. Soc., 1914, p. 735. 
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sculptured. Orbits and pineal foramen greatly enlarged. A single row of 
minute teeth on each vomer and pterygoid. Stapes not articulating with 
quadrate ; twenty-six presacral, three sacral vertebrae. Interclavicle T -shaped, 
with elongated arms; precoracoid notched. Abdominal ribs present, but 
reduced. P. trigonicejis Owen, with skeleton about 30 cm. long, skull 5 cm. 
long. Karroo Formation (Upper Beaufort Beds) ; South Africa. 

Telerpeton Mantell {Leptoplenron Owen). Much resembling Procolophon, but 
molariform teeth wider, no abdominal ribs, and hind limb more slender. 
T. elginense Mant. Triassic ; Elgin, Scotland. 

Thelegmthm Broom. Karroo Formation (Upy)er Beaufort Beds) ; South Africa. 

Sclerosanrus H. von Meyer (Jristo(les7/ius Seeley). With spines on head, 
and six longitudinal rows of bony plates on back. S. armatus H. v. Mey. 
Upper Bunter Sandstone; Riehen, near Basle, Switzerland. 

KoUoskiasaunis v. Huene. U. Bunter Sandstone ; Coburg. 

Trilophosani'us Case. U. Triassic ; W. Texas, U.S.A. 

1 Hi/psognaihus Gilmore. U. Triassic; Now Jersey, U.S.A. 

Sub-Order 2. LABIDOSAURIA. 

Head relatively large, with vertical (piadrate and auditory (otic) notches obliterated. 
Tabular bones extended on occipital surface, or absent. 

Family 1. Captorhinidae.' 

Frontals bordering orbit. Premaxillary teeth enlarged and 7'ecurved. Vertebrae 
elongated. Limb bones slender. Lower Permian. 

Captorhinus Cope (Hy]topnous, Ectocynodon Cope). Sktxll about 6 cm. long, 
with very small pineal foramen. Two to four rows of teeth on maxilla ; 



Fiu. 347. 

Lahidoaaurus hamatus Gopt'.. Kt^storation of skeleton. Permian ; Texas. From mounted skeleton in the 
Palaeontological Museum, Munich, about 1/5 nat. size. 


minute teeth on pterygoid. Large postarticular process in mandible. Inter- 
centra present; two sacral vertebrae. Phalangeal formula of hind foot 

^ Branson^ E. B., Skull of Pariotichm. Journ. Geol., vol. xix., p. 136, 1911. — Broiliy F., 

^kelett von JMhtdosanms futniatus Cope. Zeitschr. Deutsch. Geol. Ges., vol. lx., p. 68, 1908. 

Case, E. C., PariolichuR inddvus Cope. Zool. Bull., vol. ii., p. 231, 1899. — Bushkin, 2\ P.y 
Cranial Morphology of Captoi'hinua Cope. Palaeobiologica, vol. i., p. 263, 1928.-— W 

W.y ParioHchm. Biol. Bull., vol. xvii., p. 241, 1909,— Skull ol Lahidosaurua. Amer. Journ. 
Anat., vol. x., p. 69, \%l(i.—L<d>idosauru8 Coj e. Journ. Geol., vol. xxv., p. 309, 1917. 
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probably 2, 3, 4, 5, 4. C. aguti and isolomns Cope. Lower Pennian ; Texas, 

U.S.A. 


Lahidosaurxis Cope (Figs. 347-349). Skeleton about 70 cm. long. Skull 
sculptured, with grasping premaxillae. According to Broili the supposed 

B 



pterygoid ; Qii, quadrate ; Qjy tpiadratojugal ; So, lAhUlomurtm hnmittui Cope. Pelvis in right outer view (A) and from 
supraoccipital ; S</, squamosal ; St, stapes ; Th, l)elow {Ji). Permian ; T<«xas. .1, acetabulum ; Fo, obturator foramen ; 
tabular. Va nat. size (drawn by l)r. 11. Broom). Jl, ilium ; Js, ischiJira ; J'b, pubis. About 1/2 n«t. size (after Broili). 


labyrinthodont folds in the dentine of the teeth, which he originally described, 
are due to post-mortem splitting. One row of teeth on maxilla; no post- 
articular process in mandible. Intercentra present ; about twenty-five 
presacral, two sacral, and twenty-five caudal vertebrae. No cleithrura. 
L. hamatus Cope. Lower Permian ; Texas. 

? Pariotichus, Helodedes^ hodedes Cope. Lower Permian ; Texas. 

Family 2. Limnoscelidae.^ ^ 

Frontalsexduded from orbit. Preimxillary teeth enlarged. Vertebrae short. Finds 
of limb hones expanded:' Carpus and tarsus incompletely ossified. Lower Permian. 

Limnoscelis Willis ton. Skeleton about 2 m. long. Cranial roof flattened 
and smooth; pineal foramen small; snout laterally compressed. Conical 
jieeth in single row on edge of jaw. Twepty-six presacral, one sacral, 
and one sacrocaudal vertebrae. Intercentra present. Cleithrum small. 
Phalangeal formula of hind foot, 2, 3, 4, 5, 4. L. paludis Williston. Lower 
Permian; New Mexico, U.S.A. 

Sub-Order 3. PANTYLOIDEA. 

Head large^ with vertical quadrate and auditory (otic) notches obliterated. 
Tabular bones extended on dorsal surface. 

Family Pantylidae.^ 

Maxilla^ palate, and mandible with numerous teeth. Lower Permian. 

Pantylus Cope (Ostodolepis Williston). Head bones sculptured ; pineal 
foramen not observed. Teeth blunt. Sniall dermal ossifications. Texas. 

* Williston^ S. W., New Family of Reptiles from the Permian of New Mexico. Amer. Jouim. 
Sci., vol. xxxi., p. 378, 1911. — Restoration of Limnoscelis. Loc, at, vol. xxxiv., p. 457, 1912. 

® Broom, R., Cotylosaurian genus Pantylus. Bull. Ainer. Mus. Nat. Hist., vol, xxxii., p. 527, 
1918.— Cfcwe, E, C., Nearly complete Skeleton of Ostodolepis. Contrib. Mus. Palaeont. Univ. 
Michigan, vol. iii., p. 81, 1930.— 8. W., Pantylus. Contrib. Walker Mus,, Chicago, 
voL i., p. 106, 1916. 
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Sub order 4. EUNOTOSAUBIA. 

Head comfparatively small arid neck slender. Dorsal vertebrae long and slender ; 
ribs arched and much expanded. 

The systematic position of the Eunotosauria is uncertain, but their pectoral 
and pelvic arches most closely resemble those of the Cotylosauria. They are 
regarded by Watson as possibly ancestral Chelonia. 


Family Bunotosauridae.^ 

Teeth on palate. Trmilc short and broody with a dorsal dermal armour ; rib 
facets far forward on the centra. Permian. 

Eunotosaurus Seeley. Ten dorsal vertebrae. E, africanus Seeley, from 
Karroo Formation (Lower Beaufort Beds), Beaufort West, Cape Colony, 
about 20 cm. in length to base of tail. 


Order 2. THEROMORPHA.- 

{Anomodontia Owen, Theromora Cope.) 

Primitive land rejdiles with limbs usually adapted for habitual support of the 
body. Hoofing bones of the temporal region of the skull contracting into a single broad 
arch (s(juamoso-jugal or squamoso-postorbital) ; auditory region low doim on side of 
brain-case ; quadrate usually firmly- fixed ; usually a pineal foramen ; septomaxillary 
bone in narial opening. Teeth on margin of jaws in sockets ; sometimes teeth on 
palate. Vertebrae amphicoelous, often pierced by notochord ; ribs at least in part 
double-headed, articulating with arches as well as centra. Sacrum of two to six verte- 
’ brae. Bones of pectoral arch fused or firmly united by suture ; a distinct precoracoid. 
Humerus with entepicofidylar foramen. Bones of pelvic arch fused or firmly united 
by s:uture, meeting in median symphysis; pubis and ischium plate-like, the pubis 
pierced by a foramen ; acetabulum not perforate. Feet fivedoed. Dermal ossifica- 
tions usually absent. 

The Theromorpha were thus named by E. D. Cope in allusion to the many 
resemblances in their skeleton to that of the Mammals, especially the M<mo~ 
iremata. Their pelvic bones are fused into an os innominatum as in Mammals ; 
their pectoral arch is remarkably like that of the Monotreme Mammals ; and 

^ Seeley, II, G., New Reptile IJunotosaurus africanus (Seeley), Quart. Journ. Geol. Soc., vol. 
xlviii., p. 683, 1892. — Watson, D. M. S., Eunotosaurus Seeley, and the Ancestry of the 

Chelonia. Proc. Zool. Soc., 1914, p. 1011. 

“ Broom, R., Comparison of the Permian Reptiles of North America with those of South 
Africa. Bull. Amer. Mus. Nat. Hist., voL xxviii., p. 197, 1910. — Origin of Mammals. Phil. 
Trans. Roy. Soc., vol. 206 B, p. 1, 1914. — Permian, Triassic, and Jurassic Reptiles of South Africa. 
Bull. Amer. Mus. Nat. Hist., vol. xxv., p. 105, 1916. — The MammaMike Reptiles of South Africa. 
London, 1932. — IlaugHon, S. H., Brain-case in certain Therapsida. Ann. S. African Mus., vol. 
xii., p. 202, 1918. — Review of the Reptilian Fauna of the Karroo System. Trans. Geol. Soc. 
S. Africa, vol. xxii., p. 1, 1919. — Bibliographic List of Pre-Stormberg Karroo Reptilia. Trans. Roy. 
Soc. S. Africa, vol. xii., p. 51, 1925. — Palaeontology in South Africa. F'roc. Geol. Soc. S. Africa, 
1926, p. xr. — liuene, F. von. Fauna der sUdafrikanischen Karrooformation [especially 
and Anomodontm], Geol. u. Palaeont. Abbandl., n.f., vol. xviii., p. 169, 1931. — Romer, A. S,, 
Vertebrate Faunal Horizons in the Texas Permo-Carboniferous Red Beds. Univ. Texas Bull., 
2801, p. 67f 1928. Most of these papers also refer to the Coiylosauria, 
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the latest members of the Order, the Cynodontia^ have the marginal teeth differ- 
entiated into incisors, canines, premolars, and molars, while their lower jaw 
consists mainly of the dentary bones with the hinder bones extremely re- 
duced. Through the Cotylosauria the TJieromorplia are closely connected with 
the StegocephalL In their skeleton, therefore, they arc intermediate between 
the early Amphibia and the lowest known Mammalia, 

The Theromorpha are an extremely varied group of Reptiles, and had a 
wide geographical distribution. Their remains are especially abundant in the 
Karroo Formation (Permo-Triassic) of South Africa, and are also found in 
corresponding rocks in India, northern Russia, central Europe, northern Scot- 
land, the United States of North America, and southern Brazil. 

The Dinocephalia, JMmasauria, IHcythodontia^ and Theriodontia are grouped 
by Broom as Therap^ida, 


Sub-Order 1. PELYCOSAURIA.^ 

Occipital condyle single hut tripartite^ formed by basioccipital and exoccipitals ; 
quadrate bone small ; no secondary palate. Marginal teeth conical, usually laterally 
compressed, the cutting edges often serrated ; ,mne anterior upper teeth relatively large; 
palatal teeth relatively small. Vertebrae notochordal, with intercentra in all pre- 
caudals ; a proatlas : two or three sacral vertebrae. Coracoid and precoracoid not 
fused with scapula until old age ; scapula without acromion ; interclavicle 'Y -shaped 
or with rhombic expansion; a rudimentary cleithrum. Phalangeal formula pobably 
3, 4, 5, 3 {4), 


Family 1. Palaeohatteriidae.2 

Skull laterally compressed, with very large lachrymal reachhig external narial 
opening on each side ; tooth-bearing border of maxilla straight. Neural spines of 
vertebrae short. Limbs very slender ; the humerus not much expanded at lower 
end. Abdominal scutes present. Lower Permian. 

Palaeohatteria Credner (Fig. 350). Long-tailed and lizard-shaped. Snout 
short and bluntly pointed; orbit very large, with ring of sclerotic plates. 
Teeth nearly uniform, but two slightly enlarged in middle of maxilla ; smaller 
teeth on palate. About six cervical, twenty trunk, three sacral, and fifty caudal 
vertebrae ; the intercentra continuing as far back as the sixth caudal. Inter- 
clavicle with rhombic expansion at anterior end. Pubis with obturator notch. 
Hind limb slightly longer than fore limb. Numerous oat-shaped scutes repre- 
senting abdominal ribs. P, longicaudata Credner, about 45 cm. long. Lower 
Permian (Middle Rothliegendes) ; Niederhasslich, near Dresden. 

^ Case, E. Q,, Revision of the Pelycosauria of North America. Public. Carnegie Inst. Wash- 
ington, no. 55, iOOT. — Inner Ear in two primitive Reptiles. Biol. Bull., vol. xzvii., p. 213, 
1914. — Huene, F, von, Neue und verkaunte Pelyco-saurier-Reste aus Enropa. Centralbl. f. Min., 
etc., 1908, p. 431. — Pelycosaurier im deutschen Mu.schelkalk. Neues Jahrb. f. Min,, etc., 
Beii.-Bd. xx., p. 321, 1905. — Watson, J), M. S,, Reconstructions of Skulls of three Pelycosaurs 
in the Amer. Mus. Nat, Hist. Bull. Arner. Mus. Nat. Hist., vol. xxxv., p. 637, 1916. 

2 Credner, H . , Pataeohatieria longicaudata Cred. Zeitschr. Deutsch. Geol. Ges,, 1888, p. 490. — 
Nopesa, F,, Redescription of PaXaeohatteria, Geologica Hungarica, Ser. Palaeontologica, vol. i., 
p. 4, 1928. — Williston, S, W,, Osteology of some American Permian Vertebrates. Joum. Geol., 
vol. xxii., p. 396, 1914. 
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Fill. 350. 


PaJ.(t&>hatUriaJonyuniidata. Creidner, Lower Permian ; Saxony. Skull, somewhat distorted. Dorsal 
vertebra. (.■, Caudal vertebra, anterior asiioct. v-., intercentrura ; Jw, jugal ; La, frontal ; n, pedicle of neural 
arch; No, lachrymal; Pmx, premaxilla; J'or, jmstorbital ; i*r/, prefrontal; -s suture; Vo, vomer (displaced) ; 
z, zygapophysiH. Orbit overlaid by displaced frontal bone of the right side. Nat. size (after Credner). 


Family 2. Polioeauridae.^ 

Skull low and flat^ with pointed snout ; tooth-hearing border of maxilla straight^ 
and diastemal notch small or absent Two sacral vertebrae . All neural sphies 
short. Abdominal ribs present. Lower Permian. 

Poliosaurus Case. No well-defined canine in maxilla. P, uniformis Cope 
sp., about 70 cm. long. Texas. 

Varanosaurus Broili (Fig. 351). Skull slightly sculptured ; lachrymal 
very large, reaching external narial opening ; interparietal bone present ; two 
canines in maxilla. Twenty-seven prosacral vertebrae. Dermal scutes both 



Fro. .351. 

Varariosauruc (wutirostris Uroili. Ucstoration of skeleton. Lower Permian ; Texas. From mounted 
skelettm about 1 in. long in the Palaeontological Museum, Munich. 


on abdomen and on lower side of limbs. V. acutirostris Broili, nearly 1 m. 
long. Texas, 

Eumatthevia Broom. Postparietal and tabular bones on occiput. Texas. 

VaranopSf Mycterosaurus, Williston; Poecilospondylus Case. Texas. 

^ BovXe^ M.f and Olangeaudf P., CallibrcLchum gavdryi. Bull. Soc. Hist. Nat. Autun, 
vol. vi., p. 199, 1893. — Broiliy P., Schiidelbaii von Varanosaurus, Centralbl. f. Min., etc., 1914, 
p. 26. — Case, E. C., Skeleton of Poecilospondylus francisd. Bull. Amer. Mus, Nat. Hist., 
vol. xxviii., p. 183, 1910. — Theoenin, A,„ Haptodusy etc. Ann. Paleont., vol. v,, p. 48, 1910. — 
Watsony D. M. S., Varanosaurus acutirostris Broili, Ann. Mag. Nat. Hist. [8], vol. xiii., p. 297, 
1914. — Williatony S, W,y Mycterosaurus longiceps, Journ. Geol., vol. p. *>54, 1916. 
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Anningia Broom. Preparietal bone surrounding pineal foramen. Karroo 
Formation (Lower Beaufort Beds) ; S. Africa. ? Galesphyrus Broom. 

? Arrihasaurus Williston ; Scolimnus Williston and Case. New Mexico. 

Haptodus Gaudry ; Callibrachion Boule and Glangeaud. Autun, France. 

Family 3. Ophiaoodontidae.^ 

As Poliosauridae, but skull long^ high, and narrow, with small orbit far back, 
and tooth-bearing border of maxilla curved and teeth less uniform. Lower Permian. 

Ophiacodon Marsh (Fig. 340). Teeth slender and recurved, about thirty- 
six in maxilla, one in anterior half enlarged. 0. grandis Marsh, about 1-6 m. 
long. New Mexico. 

Theropleura Cope {Diopaeus Cope) ; Therosaurus F. von Huene. Texas. 
Winfieldia Eomer. Kansas. 

Family 4. Pantelosauridae.2 

Skull short, high, and laterally compressed, with tooth-bearing border of maxilla 
curved, teeth irregular in size and a slight diastema. Three sacral vertebrae. All 
neural spines short. Lower Permian. 

Pantelosaurus F. von Huene. Temj)oral region of skull very short ; 
lachrymal very large, probably reaching external narial opening. About 
eighteen teeth in maxilla. F, saxoniens F. von Huene, about 1 m. long. 
Lower Rothliegendes ; near Dresden. 

Stereorhachis Gaudry. Autun, Franco. 

Family 6. Caseidae.^ 

Skull short, high, and broad, with tooth-bearing border of maxilla straight, the 
teeth few and stout, and 'no diastema. Length of 'neural spines not greater than 
depth of vertebral centra. Three sacral vertebrae. Lower Permian. 

Casea Williston. Pineal foramen, orbits, and narial openings remarkably 
large ; head bones rugose ; eleven teeth in maxilla and premaxilla ; palate 
covered closely with small conical teeth. Twenty-five presacral vertebrae. 
Fore limb relatively long and stout. Ilium expanded in advance of acetabulum. 
No abdominal ribs observed. C. broilii Williston, about 1 m. long. Texas. 

Trichasaurus Williston (Trispondylus Williston). Texas. 

Family 6. Olepsydropsidae.^ 

Skull long, high, and laterally compressed, with tooth-bearing border of maxilla 
curved, the teeth laterally compressed and often serrated, irregular in size, with a 

^ Romer, A. S,, Ophiacodoot Reptile from the Permian of Kansas. Journ. Geol., toI. xxxiii., 
p. 178, 1925. — WUlUton, & W,, Theropleura, Contrib. Walker Mus. Univ. Chicago, vol. i., 
p, 178, 1916. — WUliston, S. W., and Caaej E. €,, Nearly complete Skeleton of Ophiacodon Marsh. 
In Public. Carnegie Inst. Washington, no. 181, p. 37, 1913. 

* Huene F. von, Ein neuer Pelycosaurier aus der unteren Pemiformation Sachsens. Geol. u. 
Palaeont. Abhandl., n.s., vol. xiv., p. 216. 1926. 

® WUlieton, S, W,, Skull of Casea, Joum. Geol., vol. xxii., p. 403, 1914. 

* BroUi, F., Pelycosaurier-reste von Texas. Zeitschr. Deutsch. Ck>ol. Qes., vol. Ivi., p. 268, 
1904 [teeth of Dimdrodon^^Caae, E. C., Skeleton of JHmetrodwv incisivus. Bull. Arner. Mus. 
Nat Hist, vol. xxviii., p. 189, 1910; also Amer. Journ. Set, vol. xl„ p. 474, 1916. — Gilmore, 
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diastema. Neural spines very long, forming a crest along the hack. Three sacral 
vertebrae. Lower Permian to Lower Triassic. 

Clepsydrops Cope, Lachrymal bone short. Diastema between maxilla 
and premaxilla filled by small teeth. One or two relatively large teeth at 



Fi(J. 352. 


lH»ivirQdAtiiin.cmv{isQo\)ii, Skull :uul mandible in M'l side view. I’ennian ; Texus. Af, maxilla ; N«., external 
luu'ial opening ; 0, orbit ; Pm, piemaxilla ; (piadmie ; S, 1em])oral vacuity. Vs nat. sisie (alter Case). 


front end of maxilla, which bears about twenty teeth. Neural spines simple, 
vertical, slightly recurved in lumbar region. Articular ends of limb bones 
imperfectly ossified. C. colletti Cope, about 1 m. long. Illinois and Texas. 



Pio. 358. 

Dimetrodnn gigas Copo. Restoration of skull from below. Permian ; Texas. IJo, basiocclpital ; Jis, basi- 
8phenoi<l ; Ch, internal narial opening ; J, jugal ; Mx, maxilla ; Pa, palatine ; Pmx, premaxilUi ; Pt, pterygoid ; 
Q, quadmto ; Qj, quadra to-jugal ; S, temporal vacuity ; St, stapes ; J'', vomer. Ve “at. size (after Case). 

Sphenacodon Marsh. New Mexico. 

Dimetrodon Cope {Embolophorus Cope) (Figs. 352-355). Edges of teeth 
serrated. Numerous small teeth on the palate. About twenty-seven presacral 
vertebrae. Neural spines simple, usually , curved backwards in posterior 
lumbar and sacral region. Tail comparatively short. D. gigas Cope and 

C. W., Mounted Skeleton of Dimetrodon gigas. Proc. U.S. Nat. Mus., vol. Ivi., p. 525, 1919. — 
lluene F. vo/i, Ctenosaurus. Centralbl. f. Min., etc., 1914, p. 496. — Oxgodon. Loc. cit., 1908, 
p. 481. — Matthew, W. D.t k four-horned Pelycosaurian from the Permian of Texas. Bull. Amer. 
Mus. Nat. Hist., vol. xxiv., p. 188, 1908. — Rmner, A. <8., The Penno-Carboniferoua Reptile 
Dimetrodon. Journ. Geol., vol. xxxv., p. 673, 1927. — Tilton, J. L., Permian Vertebrate Tracks 
in West Virginia. Bull. Geol. Soc. America, vol. xlii., p. 647, 1981. — Williston, S. IP., 
^henacodon Marsh. Proc. Nat. Aca<i. Sci. Washington, vol. ii., p. 650, 1916 ; also in Public. 
Carnegie Inst* Washington, no. 181, p. 61, 1918. 
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other species 1 m. to 3 m. long. Texas, New Mexico, and Oklahoma. 
Supposed footprints in the Waynesburg Sandstone of West Virginia. 

Bathygnathus Leidy. Per- 
mian; Prince Edward Island, 
Canada. 

? Tetraceratops Matthew. 
Rugosities for paired horns on 
prefrontals and premaxillae. 
T. insignis Matthew, known 
only by skull about 10 cm. 
long. Baylor County, Texas. 

Oxyodon F. von Huene. 
Maxilla only. Permian; 
Kenilworth, Warwick. 

Ctenosaurm F. von Huene, 
Cervical and dorsal vertebrae 
neural spines. C. koeneni F, 
Middle Buriter Sandstone ; 



Fig. 354. 

IHvietrtxhni dolloinanns Caun. Diagram of pectoral arch, ventral 
view. Permian : Texas. Cl, clavicle ; Clt, cltuthrum : t’o, coracoid ; 
Kp, interclavicle ; G, glenoid fossa ; iVo, precoracoi*! ; S, scapula. 
Much reduced (after Case). 

with very long, laterally compressed, smooth 
von Huene, with some spines 60 cm. long. 



F'lO. 365. 

IHmetnuJon, Skehiton r estored. Permian ; Texas, i/yg nat. size (after Romer). 


Gottingen. Same or nearly similar genus in Permian of New Mexico and 
Texas, U.S.A. (C, rugosus Case). 


Family 7. Edaphosauridae.^ 

Sktdl shorty low^ and laterally compressed^ tapering to snout^ with tooth-hearing 
border of maxilla nearly straight, and teeth partly conical, partly laterally 
compressed. Neural spines very long, with transverse processes, forming a crest 
along the bach. Two sacral vertebrae. Cleithrvm present. Humerus with ectepkon- 
dylar as well as entepicondylar foramen. Lower Permian probably to Triassic. 

^ Case, M. C., Mounted Skeleton of Kdaphosaurus cruciger, Occ^is. Papers Mus. Zool. Univ. 
Michigan, no. 62, 1918 ; also in Public. Carnegie Inst. Washington, no. 181, p. 71, 1913. — 
Fritach, A., Naosawrua nmratbUis. Sitzb. k, bdhm. Ges. Wise., math.-naturw. Cl., 1895, p. 2. — 
Jaekel, O., Naoaawrua credneri. Zeitschr. Beutsch. Geol. Ges., vol. Ixii., Monatsb. p, 526, 1910. 
— Osborn, H. F., Mounted Skeleton of Naoaaurus. Bull. Amer. Mus. Nat. Hist., vol. xxiii., p, 265) 
1907. 
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Edaphosaurus Cope. Large orbits far back and overhung by cranial roof ; 
large lachrymal bone reaching external narial opening. Numerous small 


teeth on palate. Twenty-six presacral 
vertebrae. Abdominal ribs present. 
E. pogonias Cope and other species 
2 m. to 3 m. long. Lower Permian ; 
Texas, New Mexico, and Pennsylvania. 

Naosaurus Cope (Fig. 356). As 
Edaphosaurus^ but neural spines of 
neck distally expanded. Lower Per- 
mian ; Texas. Vertebrae also in Lower 
Permian of Bohemia and the Ural, 
Russia, and in the Middle Permian 
near Dresden. 

Sub-Order 2. DINOCEPHALIA.1 

Skull massive, with the large pineal 
foramen opening in a protuberance or 
boss ; face relatively sm.all, with a pair of 
external narial openings on top, not ter- 
minal, Occipital face flattened, overlapped 
by postparietal and tabular bones above, 
and pierced by a pair of small posterior 
temporal vacuities ; occipital condyle 
single, with small pit for notochord ; 
squamosal and quadrate very long and 
large; no secA)ndary palate ; coronoid pro- 
cess in mandible small or absent; teeth 
only in premaxillae, maxillae, and dentaries. 
Crown of each tooth raised into a stout 
cusp externally, but forming a more or 
less hollowed crushing surface internally, 
Verteh'ae deeply amphicoelous, sometimes 
pierced by notochord ; no intercentra behind 
axis ; three or four sacral verteh'ae. Limbs 
and their supporting arches massive ; pre- 
coracoid scarcely entering glenoid fossa; 
scapula without acromion ; a rudimentary 
cleithrum, [Phalangeal formula unlmown,'] 



Fig. 366. 

Naosaurus vXni'iritr Coiw. Dorsal vertebrae, anterior 
and lateral aspects. Permian; Texas. 1/4 size 
(after Cope), 


This Sub-Order includes heavy animals, often two to three metres in 
length, with the limbs a little sprawling. The Tapinocephaloids must have 
been herbivorous, but the Titanosuchids may have been carnivorous. 


^ Broom, R,, Further Comparison of South African Dinocephalians with the American Pely- 
cosanrs, Bull, Amer. Mus. Nat. Hist., vol. xxxiii., p. 185, 1914. — Nopesa, F,, Some Fossil 
Reptiles from the .Copper- bearing Permian Strata of Russia. Geol. Hungarica, Ser. Palaeont., 
vol. i., p. 12, 1928. — Watson, 1), M, S,, The Deinocephalia. Proc. Zool. Soc., 1914, p. 749, 
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Family 1. Tapinocephalidae.^ 

Face short and broad ; canines not much enlarged, Permian. 

Tapinocephalus Owen. Snout much depressed, broad and rounded, with 
a uniform row of teeth having large pulp cavities. Width of cranium behind 
greater than total length of skull. Postorbital and zygomatic arches very 
broad, so that the orbits and temporal vacuities are relatively small. T, 
atherstonei Owen, with skull about 45 cm. long. Karroo Formation (Lower 
Beaufort Beds) ; South Africa. The skull described as Mormosaurus Watson, 



Fig. 367 . 

Skulls with mandible of (A) Delphinoffnathun conorephvUiis Seeley and (B) Mo^(chop^•t capmsis Bi-oom. Karroo 
Formation (Lower Beaufort lieds); South Africa. Ano, angular; Art, articular; Dn, dentary; Ji-i, jugal ; 
quadrate ; Smx, septomaxilla ; Sq, squamosal ; Surangy surangular. Ve nat. size (after W. K. Gregory and Broom). 

and the vertebrae and limb bones named Phocosaurus Seeley, may belong to the 
same genus. 

Pnigalion Watson ; Struthiocephalus Haughton ; Taurops, Felosuchus, 
Moschognathus Broom, Lower Beaufort Beds ; South Africa. 

Eccasaurus Broom. Humerus and perhaps a tooth from Upper Ecca 
Beds, South Africa. 

Moschops Broom (Fig. 357, B), Snout rising gradually to the brain-case, 
not depressed. M, capensis Broom, known by most of the skeleton, with skull 
about 40 cm. long. Lower Beaufort Beds ; South Africa. 

Delphinognaihus Seeley (Fig. 357, A), Skull much resembling that of 
Moschops^ but pineal eminence more prominent. D, comcephalus Seeley. 
Lower Beaufort Beds ; South Africa. 

Keratocephalus F. von Huene. Anterior part of frontal region raised into 

^ i?., Moschops, Proc. Zool. Soc., 1911, p. 1073. — Taurops, Loc, cU,^ 1912, p. 859. 

— Qregcrry^ W, K.y Skeleton of Moschops capmsis Broom. Bull. Amer. Mua. Nat. Hiit., vol. Ivl., 
p. 179, 1926. — Haughton^ S, AT., New Dinocephalian \StTuthyicephalu8'\ from the Qouph. Ann. 
S. African Mus., vol. xii., p. 52,*’ 1915. — Seeley^ H, Delphinognaihus conocephalus Seeley. 
Quart. Joum. Geol. Soc., vol. xlvUi., p. 469, 1892. 
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a conical bony horn-core. K, imloch F. v. H., with skull 50 cm. long. Lower 
Beaufort Beds ; South Africa. 


Family 2. Titanosuchidae.^ 

Face comparatively large and elongated ; canines enlarged, Permian. 

Titanomchus Owen. Jaws with four or five pairs of incisiform teeth, and 
ten or eleven pairs of teeth behind the enlarged canines. T, ferox Owen. 
Karroo Formation (Lower Beaufort Beds) ; Gouph, South Africa. 

Jonkeria Van Hoepen (Fig. 358). Skull nearly twice as long as its maximum 
width ; facial portion not deeper than wide ; no supraorbital bony bosses. 
Nasal bones separated for about three-qtiarters of their length by a backward 
extension of the premaxillae. Five pairs of upper, four pairs of lower incisiform 



Jonkeria trvruUnta Van Hoepen. Restoration of skeleton. Karroo Formation (I^ower Beaufort Beds); 
Prinet? Albert District, South Africa. About nat. size (after Broom). Comimre with restoration of 
Keratocephalus rnoloch by F. von Huene, Gool. u. Palaeont. Abhandl., n.f., vol. xvlii., pis. x., xi., 1931. 


teeth ; seventeen teeth in maxilla behind the canine. Atlas forming complete 
ring, with unusually large intercentrum. J. truculenia Van Hoepen, and other 
species, from Karroo Formation (Lower Beaufort Beds), Prince Albert District, 
South Africa. Type skull about 55 cm. long. 

Anteosaurus Watson. Hinder portion of cranium very wide, with a pair 
of large supraorbital bony bosses ; facial portion deep and narrow. A, magni'- 
fixus Watson, with skull more than 50 cm. long. Lower Beaufort Beds ; 
Tamboer Fontein, South Africa. 

Dinocynodon, DinopfumeuSy DinosphageuSy EnohiuSy PhoneosuchuSy ScapanodoUy 
Scullya Broom; Lamiasaurus Watson; 'I Einartamus Broom, With two pairs 
of large caniniform teeth in lower jaw. Lower Beaufort Beds ; South 
Africa. 

Mnemiosatirus Nopesa. Permian ; Ural, Russia. 

Eeuterosaurus Eichwald, as re-described by Nopesa, may belong to a distinct 
family. Squamosal not in contact with the postorbital. E, diarmicus Eichw. 
Permian; Ural, Russia. 

^ Broom, R., Carnivorous Mammal-like Reptiles of the Family TUanosuchidae, Ann. Trans- 
vaal Mus., vol. xiii., p. 9, 1929. 
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Family 3. MoBchosauridae.^ 

Primitive Titariosuchids with long, low, narrow skull, and pineal eminence com- 
paratively small Permian. 

Aloschosaxtrus Haughton. Roof of brain-case not much thickened; post- 
orbital bar very narrow ; nasals forming prominent ridge between the nostrils 
and orbits. M. longiceps Haughton, with skull about 25 cm. long. Lower 
Beaufort Beds ; Beaufort West, South Africa. 


Sub-Order 3. DEOMASAURIA. 

Small Theromorphs of slight build, with slender legs and long tail Skull short, 
with very large orlnts, the pair of large narial openings laterally placed, and the 
squamosal 'with a long downwa>rd process over the quadrate; coronoid process in 
mandible small or absent ; teeth small and uniform^ or absent. Vertebrae amphi- 
coelous and pierced by notochord; cervkals 'with intercenira ; tvjo or three sacral 
vertebrae. Abdominal ribs present. Scapula ivithout acrornim. Phalangeal 
formula, 2, 3, 3, 3, 3. 


Family 1, Q-alechiridae. 

Teeth present. No coronoid process in 'mandible. Permian. 

Galechirus Broom.- Premaxillary teeth largei* than maxillary teeth ; orbit 
with sclerotic plates. At least sixty vertebrae in tail. Digits with large 
claws. G. srholtzi Broom, with humerus 35 mm. and femur 38*5 mm. long. 
Lower Beaufort Beds ; Victoria West, South Africa. 

Galepus Broom. Same formation near Richmond Road, Cape Colony. 

? Macroscelesaurus Haughton.^ Hind limbs relatively long. Same forma- 
tion near Victoria West. May be a Therocephalian. 

Family 2. Galeopsidae. 

Toothless. A small coronoid process in mandible. Permian. 

Galeops Broom.^ Skull and lower jaw very short and deep. G. whaitsi 
Broom, with skull 4 to 5 cm. long. Lower Beaufort Beds; near Beaufort 
West, South Africa. 


Sub-Order 4. DIOYNODONTIA. 

(Anomodontia auct.) 

Skull large and massive 'with relatively small face, paired narial openings, a 
pineal foramen, and very large temporal fossae, from which the parietal bones are 
exclude by the union of the postorbital tvith the squamosal, Us'ually a median pre- 
parietal hone in front of pineal foramen ; squamosal very large, triradiate, forming a 

^ Haughton, S. H., New Type of Dinocephalian {Moschosaurus longiceps). Ann, S. African 
Mus., vol. xii„ p. 78, 1916, 

® Broom, R., Trans. S. African Phil. Soc., vol, xviii., p. 81, 1907. 

* Haughton, S. H., Ann. 8. African Mus., vol. xii., p. 176, 1918. 

* Broom, R., Proc. Zool. Soc., 1912, p. 860. 
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long pedicle for the relatively small quadrate and quadrato-jugal, which both enter the 
articular condyle ; occipital face flattened^ with posiparietal and tabular bones above^ 
without posterior temporal vacuities; occipital condyle tripartite, formed by Iasi- 
occipital and exoccipitals. Vomer single in domed roof of mouth, with descending 
plates of palatines and maxillae forming an incipient secondary palate ; an inter- 
pterygoid vacuity ; premaxillae fused and mandilndar symphysis solid, forming a 
toothless beak, probably sheathed with horn during life; palate toothless; maxilla 
toothless or with a single pair of persistently growing tusks, sometimes also with 
one or more rows of small conical teeth within the sharp outer edge ; dentary toothless, 
or with small teeth to oppose the row of maxillary teeth when present ; no coronoid 
process in mandible. About seven cervical, eighteen to twenty-one dorso-lumhar, and 
four to six sacral vertebrae ; a proatlas ; no intercentra. Scapula with acromion ; a 
rounded ossification {spongy hone) in sternum; a cleithrum piesent. Phalangeal 
formula, S, S, 3, 3. 

The Dicynodonts or Anomodonts vary much in size, some being only as 
large as rats, others somewhat larger than a tapir. Most of them are heavily 
built, with a relatively large head, and must have lived on land. A few 
{Lystrosaurus), with sharply turned-down face, and the eye and nostril high 
up, seem to have been aquatic. The nature of their food is unknown. Their 
remains are most abundant, and represent most numerous genera and species, 
in the Karroo Formation of South Africa, where they range from the Middle 
or Upper Permian to the Upper Triassic. They have also been found in 
corresponding formations in India, N. Russia, N. Scotland, Brazil, and perhaps 
in N. America. 

The bones of the skull tend to fuse together, so that the sutures are 
often obscure. The most noteworthy element is the large triradiate 
squamosal ; and the small quadrate at the lower end of its descending ramus 
sometimes appears to be only loosely articulated. Traces of a ring of sclerotic 
plates in the orbit are often observable. 

Family 1. Dicynodontidae.^ 

Jaws toothless, or with only a single pair of maxillary tusks. Permian and 
Triassic. 

Dicynodon Owen {Ovdenodon, Platypodosaurus Owen ; Aulacocephalus, 
DkraTiozygoma, Eurycarpus, Keirognathus, lihachiocephalus, Ehachicephalodon 
Seeley) (Figs. 359, 360). Parieto-f rental region of skull gradually passing 

1 Broom, R,, Structure and Affinities of Udenodon. Proc. Zool. Soc., 1901, p. 162. — Differ- 
ences in the Skulls of Dicynodonts apparently due to Sex. Loc. cit., 1902, p. 86. —Shoulder 
Girdle in Lystrosaurus. Ann. S. African Mus., vol. iv., p, 139, 1903. — Structure of the Dicy- 
nodont Skull. Loc. cit., vol. vii., p. 337, 1912. — Internal Ear in Dicynodon. Proc. Zool. Soc., 
1912, p. 419.— New Genera and Species of Anomodont Reptiles. Loc. cit., 1921, p. 647. — 
Uaughton, S, U., Deecriptive Catalogue of the Dicynodontia. Ann. S. African Mus., vol. zii., 
p. 127, 1916. — Skull of Kanneimyeria. Loc. cit., vol. xii., p. 91, 1915. — Hoepen, E. C, N. van, 
Lystrosamus. Ann. Tranavaal Mua,, vol. iv., pp. 1, 208, 1913-14 ; vol. v., pp. 70, 215, 1916-16. 
— Hume, F. von, Dicynodon Schkde]. Palaeont Zeitschr., vol. v., p. 58, 1922. — Newtm, E. T., 
New Reptiles from the Elgin Sandstones. Phil. Trans. Roy. Soc., vol. 184 b, p. 431, 1893. — 
Pearson, H, 8 ., Skull of Kannemeyeria. Proc. Zool. Soc., 1924, p. 793. — A Dicynodont Reptile 
Reconstructed. Loc. cit., 1924, p, 827. — Sollas, I. B. J., aud Sollas, W. J., Study of the Skull 
of a Dicynodon by means of Serial Sections. Phil. Trans. Roy. Soc., vol. 204 B, p. 201, 1913. — 
Structure of the Dicynodont Skull* Loc. cit, vol. 207 b, p. 631, 1916. — Watson, Z>* M. 8., 
Skeleton of Lystrosaurus, Reo. Albany Mas., vol. ii., p. 287, 1912. — Limbs of Lystrosaurus. 
Geol. Mag. [6], vol. x., p. 266, 1918. 

VOL, U S 
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into the facial region; no parietal crest; maxillae with pair of tusks in 
male, toothless in female (named Ouderiodon by Owen). Limb bones have 
been described as Plati/podosaurus Owen (Fig. 361). 

I), lacerticepSy leoniceps Owen, and numerous other 
species with skull up to 60 cm. in length, from the 




* Uicym^Uyti OwtMi. 

DicyutxUin panHt'epfi Owen. Karroo Formation ; Fort Hnanfoi t, Soutli Anterior aspect of liumenis. 
Africa. Palatal aspect of skull. Uo, busioccipitJU ; «•, maxillary tusk delbo-pectoral ridge ; c, rntcja- 
(fracturetl) ; Ju., jugal; Mj\ maxilla; VI, iwlatine ; /‘au’, preriiaxilla ; Pt, condylar foramen. V 4 size 
pterygoid ; Qif, quadrate. 1/4 nat. size (afWr Owen). (after Owen). 

Karroo Formation (Lower Beaufort Beds) of South Africa, including Nyasaland 
(about Middle Permian to Upper Triassic). Also from Upper Permian of 

Dwina, Russia. 

Kannemeyeria Seeley. Skull as 
; / in Dicynodorty but with a narrow high 

^ parietal crest ; pineal foramen in de- 

J, f pression in front of crest. No tusk- 

less skulls known. K. sirmcephalus 




Platypodosaurus rohmtus Owen ( <*» Dicynotlon). Kar- 
roo Formation; South Africa. Ventral aspect of 
sacrum and right half of pelvis. iZ, ilium ; 
ischium ; o, obturator foramen ; nu, pubis ; sacral 
vertebrae. Vs (after Owen). 


Fio. 302. 

(Jordonia traqiiairi Newton. Restoration of skull 
and mandible in left side view. Permian ; Elgin, 
Scotland. /), dontary ; F, frontal; L, lachrymal; 
Mx, maxilla ; Na, nasal ; 0, orbit ; P, parietal ; Pmzt 
preinaxilla ; Pf, postfrontal ; Pr, prefrontal ; Pl 
pterygoid ; Q, quadrate ; temporal vacuity and 
fossa; SQt squamosal; Sqp, descending pedicle of 
squamosal ; t, maxillary tusk. Vs nat. size (after 
B. T, Newton and A. S. Woodward). 


Weithofer sp. and other species from the upper part of the Karroo Formation 
(Upper Beaufort Beds, Cynogmthus Zone). A gigantic species of this or a 
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closely allied genus from the Triassic of Rio Grande do Sul, Brazil (F. von 
Huene). 

Audacocephalodon Seeley {Bainia Broom) ; Diictodon, Eosirnops, EocydopSy 
Palemydops Broom ; Chelyrhynchus Haughton. Karroo Formation (Lower 
Beaufort Beds) ; South Africa. Myosaurus Haughton. Middle Beaufort Beds. 

Gordonia Newton (Fig. 362). Skull as in Dicynodon but lighter and with 
very small tusks. Permian ; Cuttie’s Hillock, Elgin, Scotland. 

Lystrosaurus Cope (Ptychognathus Owen Stimpson ; Ptychosiagum 
Lydekker) (Figs. 363-366). Facial region of skull sharply bent downwards, 

A 

Prf i>a 



Lyslrosanrus deciivU Owen sp. Kainw) Formatinn ; Rheiiosterberg, South Africa. Skull from lateral {A), 
supfjrior (/I), anti iKJSterior {(■) aspects. .1, orbit ; ang, angular ; /lo, basioccipitol ; o, maxillary tusk ; rf, 
dentary ; A’ro, exoccipital ; Fr, fronttil ; Jh, jugal ; 3/.<\ maxilla ; N, external narial opening ; A’a, nasal ; Pa, 
parietal in liga. A, B, tabular in flg. C; /'ww, pieniaxilla ; /'♦/, prefrontal ; Pif, postfronttil ; y/t, tpiadrate; So, 
postparietal ; Sq, squamosal. 1/3 nal^* size (after Owen). 

and narial openings near orbits. Maxillary tusks always present. Ring of 
sclerotic plates conspicuous. About twenty-five presacral vertebrae; the 
centra deeply amphicoelous. Limbs feeble. L. dedivis Owen sp. arid other 
species in the Karroo Formation (Middle Beaufort Beds) of South Africa. So- 
called Dicynodon orienialis Huxley, from the Lower Triassic (Panchet Group) of 
Bengal, India, and Dicynodon inddmm Repelin, from the Triassic of Indo- 
China, belong to this or a closely allied genus. 
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Geikia Newton. Skull like that of Lysirosaurus^ but toothless. Permian ; 
Cuttie’s Hillock, Elgin, Scotland. 


Fl(^. 364. 

Lysiromuras latirofttris Owen sp. Diagram 
of middle |)art of cranial roof. Karroo For- reeti>ral arch of a Dicynodont 

mation (Middle Beaufort Be<l8) ; South Aft’ica. (? Lystrosaur hk). Karroo Formation ; 

F, frontal; Fp, pineal ioramen; .Ip, post- South Africa, a, acromion ;(>, com* 

parietal; a, orbit: F, parietal; J*0, yiost- cokl ; glenoid foHw for humerus ; 

orbital ; Pr}\ preparietal ; Ptf, postfrontal. Pr, precoracoid ; .SV;, Hcyipula. V 4 

1/2 nat. size (after Van Hoepeii). nut. size (after Lydekkttr). 

Frolystrosaurus Hanghton. Intermediate between Dicynodon and Lystro- 
saiirus. Middle Beaufort Beds ; S. Africa. 

CistecepJudus Owen. Perhaps representing a distinct family. Skull 

A 


B 


Pio. 366. 

LystrosauruJ^ seeleyi Broili. Pelvis and sacrum from above (4) and from the left side (J3). Karrof) Forma- 
tion ; South Africa. A, acetabulum ; F.O, obturator foramen ; Fpi, iachio-pubic foramen ; «/, cleft in ilium ; 
Jl, ilium ; Js, ischium ; f’6, pubis ; sacral vertebrae, i/s nat. size (after Broili). 

depressed, very broad, with wide parietal region, orbits much directed upwards ; 
toothless. 0, microrhinus Owen, with skull about 6 cm. long. Lower Beaufort 
Beds; S. Africa. 

Family 2. Endothiodontidae.^ 

Maxilla and dentary with one or more rows of simple teeth; maxiUary tusks 
apparently present only in males, Permian. 

^ Broom, R,, Structure and Affinities of tbe Endotliiodont Trans. S. African Phil. 

Soc.y vol. xr., p. 259, 1905. — Biaelurodon^ Proo. Zool. Soc., 1911, p. etc. 

Loc, ciL, 1912, p. 866. 
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Endothiodm Owen {Esoterodon Seeley ; Endogomphodon Broom). Teeth ser- 
rated in front and behind, in one principal row in each jaw, with smaller teeth 
sometimes within, sometimes without this row. Occipital condyle flattened or 
hollowed behind. Trunk about as broad as deep ; twenty-eight presacral and 
four sacral vertebrae. E, hathy stoma Owen, skull about 30 cm. long with 
deep parietal crest. E. whaitsi Broom, skull about 57 cm. long. Karroo 
Formation (Lower Beaufort Beds) ; South Africa, including Nyasaland. 

Pristerodon Huxley (Ojnsthoctenodon Broom). Teeth serrated only on hinder 
edge, in one row. Successors seen on inner side. Lower Beaufort Beds ; S. Africa. 

Cryptocynodoriy Tropidostoma Seeley ; Cerataslums, Chelyoposavrus, DiaelurodoUy 
Emydochampsay Emydopsy Emydo])siSy EmydorhynchuSy ErnyduravuSy Prodicynodony 
Taogmtlms Broom. Lower Beaufort Beds ; S. Africa. 

The following limb bones have been regarded as Dicynodont : 

Brachyhrachium Williston. Humerus from Trias, Wyoming, U.S.A. 

Eubrachiosanrus Williston. Humerus, scapula, and pelvis from Trias, 
Wyoming, U.S.A. 

Placerias Lucas. Humerus from Trias, Arizona, U.S.A. 

Sub-Order 5. THEBIODONTIA. 

Carnivorous or insectivorous Theromorphs of light huildy with the marginal teeth 
differentiated into incisor s, canines y p^'emolarSy and molar Sy and the lower canines in 
front of the upper as in Mammals, Skull with face relatively largCy terminal narial 
. opening {single or paired)y and usually a pineal foramen ; a postparietal hone ; 
squamosal very large ; quadrate more or less reduced. Mandible with large coronoid 
process. Some inter centra between cervical vertebrae ; two to four sacral vertebrae. 

The Theriodonts vary in size from that of a weasel to that of a lion. 
Some of their skeletal remains from the Karroo Formation of South Africa 
can scarcely be distinguished from the corresponding parts of Mammals. 
According to Broom there are skulls (of Icfidosauria) with a secondary palate 
and paired occipital condyles, in which neither pineal foramen nor separate 
prefrontal, postfrontal, and postorbital bones can be distinguished. The 
diminutive quadrate is joined by the squamosal in forming an articulation for 
the mandible, in which the articular, angular, and surangular bones are mere 
rudiments. A median vomer separates the pterygoid bones in the palate. 
The incisor, canine, and premolar teeth in Cyclogomphodon are once replaced, 
the molars apparently without replacement. In a more primitive Cynodont 
{Permocynodon)y however, Sushkin finds an irregular replacement of all the 
molar if or m teeth. 

There are three well-defined groups or tribes of Theriodonts, the Thero- 
cephaliay Gorgompsia,y and Cynodontiay besides others which are still more 
imperfectly known. 


Tribe 1. THEBOCEFHALIA.1 

Narrow intertemporal region of skull formed mainly by parietalsy and pineal 
foramen large ; no preparietal hone ; occipital condyle single ; no secondary palate ; 

^ AmalUzkjfy V, P.y Annapetrigon, et sp. nov. N. Dwiaa Researches, no. v., Acad. Sci. Lenin- 
grad, 1927 [iu Russian].- -Rrooia, R., Ictidoauchusprimaevus, Trans. 8. African Phil. Soc., vol, xi,, 
p. 177, 1901. — New Primitive Theriodonts. Ann. S. African Mus., vol. iv., p. 147, 1908. — Skull 
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a pair of large suborbital vacuities in hinder part of palate. Symphysis of mandible 
slender arid loose. Scapula without acromion ; a rudimentary cleithrum. Phalan- 
geal formula, ^2, S, S, S, 3, 


Family 1. Soaloposauridae. 

Skull shaped nearly like that of a dog, with more than three pairs of incisors in the 
upper jaw, and a uniform series of small simple teeth behind the canines, Permian. 

Scaloposa liras Owen. Parietal region of skull nearly as wide as frontal 
region ; postorbital bar incomplete ; squamosal very slender. Uj)per teeth 
probably : — i. 6 ; c. 3 ; m. 9. S, constrictus Owen, known only by skull about 
4 cm. long. Karroo P'ormation (Lower Beaufort Beds) ; Sneewberg, S. Africa. 

Scylacosaurus Broom (Fig. 367). Dentary bone forming two-thirds the 
length of the mandible. Upper teeth : — i. 6 ; c. 2 ; m. 7 ; the outer incisor 
and anterior canine diminutive. Lower teeth : — i. 4 ; c. 1 ; m. 8 ; the outer 
incisor diminutive. A diastema behind the canines. Small teeth on ptery- 
goids. S, sclateri Broom, known only by skull. TiOwer Beaufort Beds; 
Colesberg. 

Pristerognathus Seeley. Only one canine and eight or nine molars in 
each jaw, six upper and three lower pairs of incisors. Base of Lower Beau- 
fort Beds. 

Hyaenasuchus, Trochosuchus, Lycosuchus Broom. With two large upper 
canines. Base of Lower Beaufort Beds. 

Choerosaurus Haughton. Orbits in hinder half of skull, and postorbital 
bar apparently incomplete. A large bony boss on front part of each maxilla, 
and a smaller boss at lower border of hinder end of each dentary. Upper 
teeth: — i. 5; c. 3; m. 12; the two anterior canines relatively small. 
C. dejageri Haughton, with skull about 9 cm. long. Pelvis also known. 
Lower Beaufort Beds ; Kuils Poort, Beaufort West. 

Moschorhinus Broom. Snout unusually short and broad. Middle Beaufort 
Beds ; New Bethesda Road. Allied to Alopecopsis Broom. 

Alopecideops, Alopecodon, Alopecognathus, Alopecorhinus, Arnognathus, Cerdodon, 
Glanosuchus, Icticephalus, Ictidognaihus, Jetidosuchus, Pardosuchus, Scylacoides, 
Scylacorhinus, Scymnosaurus, Simorhinella Broom ; Akidnognathus, Trochosaurus 
Haughton ; Broomisaurus Joleaud {Scymnorhinus Br.). I^ower Beaufort Beds. 

"i Theriodesmus Seeley. A fore limb from the Karroo Formation of 
Klipfontein, Fraserberg, considered by Broom to be referable to a Thero- 
cephalian. The ulna bears a large olecranon process, and the phalangeal 
formula is 2, 3, 3, 3, 3. 

Anna Amalitzky. Skull much resembling that of Scylacosaurus, but 
apparently with fewer teeth. A, petri Amal., with skull 23 cm. long. 
Permian ; N. Dwina, Russia. 

of new primitive Theriodont Lycosuchus vanderrieti. Trans, S. African Phil, Soc., vol, xiv., 
p. 197, 1903. — Two new Therocephalian Reptiles {(jlanosuchus'], hoc. cit., vol. xv., p, 85, 1904. 
— New Therocephalian Reptiles. Ami. S, African Mua., vol. iv., pp. 361, 369, 1908. — Ictido- 
gnathus, Proc. Zool. Soc., 1911, p. 1078. — Pristerognathus, Alopecorhinus, Jetidognathus. Loc, 
ciL, 1912, p. 863. — New Therocephalian Reptiles from the Karroo Beds of South Africa. Ij)c, cii,, 
1920, p. 343. — Haughton, S, H., Trochosaurus, Ann. S. African Mus., vol. xil., p. 66, 1916. — 
New Carnivorous Therapsida. XjOc. cit., vol. xii., p. 180, 1918.— Cterosawrws. Loc. cit,, vol. xxviii., 
p. 60, 1929. — Seeley, H v.., Theriodemnus phylarchus, Phil. Trans. Roy. Soc., vol. 179 ii, 
p. 141, 1888 ; loc, cit,, vol. 186 b, p. 1019, 1894. 
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The genus Alopeeopsis Broom, known by a skull from the Lower Beaufort 
Beds, without any teeth behind the upper and lower canines, may represent 



A 



Fio. 867. 


Srylawsauru.s sclattri Broom. Skull and mandible in right sitle view (.1) and palate (/i)- Karroo Formation 
(Lower Beaufort Beds) ; South Africa. Agy angular ; Ar, articular ; Bo, basioccipital ; />, dentary ; F, fi-ontal ; 
J, jugal ; L, lachrymal ; Mx, maxilla ; Na, nasal ; P, parietal ; iV, coronold process ; Paly palatine ; Pnix, pre- 
tnaxllla ; Po, postorbital ; Prf, prefrontal ; Pt, pterygoid ; /'t/» postfrontiUl ; Q, quadrate ; Sag, surangular ; Smx, 
8ex>tomaxilla ; Sq, squamosal ; Tr, transvei-se ; F, vomer. 1/2 size (after Broom). 

a distinct family. Allied to it are Theriognathus Owen, Notosollasia Broom, 
and fFhaitsia Haughton, the latter known % numerous large skulls from the 
Lower Beaufort Beds, in which the suborbital vacuities are almost closed, 
and each antero-posteriorly elongated vacuity for the posterior nares is crossed 
by a bar of bone. 


Tribe 2. GOBGONOPSIA. 

Intertemporal region of skull broody the parietals being excluded from the temporal 
fossa by an upward and backward extension of the po^* hital which reaches the 
squamosal / pineal foramen large ; a preparietal bone ; occipital condyle single ; an 
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incipient secondary palate ; m suborbital vacuities in palate. Symphysis of mandible 
massive. Scapula without acromion ; sternum ossified. Phalangeal formula usually 
5, 5y rarely 3^ 3, 3, 3, 

In most of the characters by which the Gorgonopsia differ from the Thero- 
cephaliay they agree with the Dicynodontia, The presence of a preparietal bone 
and an ossified sternum is especially noteworthy. The dentition shows that 
they were carnivorous. 


Family 1. Gorgonopsidae.^ 

Skull long aiul mrrow, with orbits smaller than temporal fossae, A uniform 
series of three to six {usually five) simple teeth behind the upper canine, Permian. 

Gorgomps Owen. Skull depressed, with five pairs of upper incisors. 
G. torvus Owen, skull 20 cm. long. Karroo Formation (Low^er Beaufort 
Beds) ; near Fort Beaufort, South Africa. 

Scylacops Broom (Fig. 368). Septomaxillary large on face, edge of frontal 
excluded from orbit, and squamosal extending far forwards to meet the short 
jugal. A horizontal ridge along the maxilla and palatine on each side of the 
elongated internal narial openings, apparently for the attachment of a soft 
secondary palate. Few small teeth on palatines. S. capensis Broom. Lower 
Beaufort Beds ; South Africa. 

Lycaenops Broom. Upper teeth : — i. 5 ; c. 1 ; m. 4. Preparietiil bone 
unusually large ; small pineal foramen in the middle of a little raised boss. 
Probably twenty-seven presacral and three sacral vertebrae. L. ornatus Broom, 
with skull 25 cm. long, known by greater part of skeleton. Lower Beaufort 
Beds ; Biesjespoort, South Africa. 

Aelurosaurus Owen. Upper teeth : — i. 5 ; c. 1 ; m. 5. Clusters of small 
teeth on the pterygoid and palatine bones. Lower Beaufort Beds. 

Arctognathus Broom. Upper teeth : — i. 4 ; c. 1 ; m. 5. A, curvimola 
Owen sp. Probably Lower Beaufort Beds ; Kugaberg. 

Aelurognathus Haughtoh. Upper teeth : — i. 5 ; c. 1 ; m. 4. Four of the 
five upper incisors unusually large. Phalangeal formula of fore foot, 2, 3, 4, 5, 3. 
Lower Beaufort Beds ; probably also in Nyasaland. 

Lycaenodontoides Haughton. Upper teeth : — i. 5 ; c. 1 ; m. 6. Top of 
skull pitted and rugose. In the type specimen of L, bathyrhinus H. the third 
and fourth digits of the fore foot contain only three phalanges, suggesting a 
phalangeal formula, 2, 3, 3, 3, 3. Lower Beaufort Beds ; Oudeberg, Graaff 
Reinet. 

Cynochampsa^ Cynodraco, Lycosaurus^ Tigrisuchus Owen ; Aloposaurus^ Arcto- 
suchus, Asthenognathus (Delphaciognathus), Cerdognathus, Cynarioides, Cynariops^ 

^ Broom^ R,, The Gorgonopsia. Proc. Zool. Soc., 1913, p. 225 ; also loc. cit,^ 1911, p. 1077 
[AelurosauriiSt Bripkost(ma]j and 1912, p. 861 [Sq/ninoffnathuSf etc.] ; also Bull. Amer. Mus. Nat. 
Hist, vol. zxxiL, p. 558, 1913 [Scymnognathus], and Ann. S. African Mus., vol. xii., p. 8, 1918 
[iScytooops], —Structure of the Maminal-like Reptiles of the Sub-order Gorgonopsia. Phil. Trans. 
Roy. Soc., voh 218 b, p. 845, 1930. — Haughton, S, R,, Some New Gorgonopsians \G<R€Buchus, 
Gorgonogumthus], Ann. S. African Mas., vol. xiL, p. 82, 1915.— Some Gorgonopsian Skulls. 
Loe, cit, vol. xii., p. 499, 1924 ; also loc, Ht, vol. xxviii., p. 68, 1929 [Eoa/rctops, Lycaenodontoides, 
HipposauTus \ — Karroo Vertebrates from Nyasaland \dhiweia6awrus, Dixeyd\. l^ns. Geol. Soc, 
S. Africa, vol. xxix., p. 69, 1926. — Pravo^vlev, P, A,, Gorgonopsidae, Acad. Sci. Leningrad, 
Amalitzky Exped., nos. iii., iv., Inostransevia and Amalitzkia, 1927 [in Russian]. — Watson, D, M, 8,, 
Arctqps, Scymnognathus, etc. Proc. Zool. Soc., 1914, p. 1026. 
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Eriphostomay ScylaeognathuSy Scymnognathus Broom ; Eoarctops, GalesiichuSy 
Gorgo7iognathuSy HipposauruSy Scycosaurus Haughton ; Arctops Watson ; Lepto- 



Fig. 368. 


Scylacops capensis Broom. Skull and mandible In left side view (A\ from above (JB), and palate (0), Karroo 
Formation (Lower Beaufort Beds); South Africa. JS.S', bii-siKuhenoid ; A'O, exoccipital; iAT, internal narial 
opening ; AT, extenial narial o^iening ; O, orbit ; FP, preparietal ; PtJ\ postparielal ; St, stapes ; TF, temporal 
fossa ; other letters as in Fig. 367. About Vs nat. size (after Broom). 


trdchdus Watson {nec> von der Marck). Lower Beaufort Beds; South Africa. 
ChiwetasauruSy Dixeya Haughton. Karroo Formation ; Nyasaland. 

Inostransevia Amalitzky. Upper teeth : — i. 4 ; c. 1 ; m. 4. Lower teeth : — 
i. 3 ; c. 1 ; m. 0. Upper incisors much larger than molars. 7. alemndri 
Amal., with skull 50 cm. long, known by large part of skeleton. Permian ; 
Northern Dwina, N.E. Russia. 

AmalUzkia Pravoslavlev. . Four large intercentra between the cervical 
vertebrae immediately behind the axis. Permian ; Northern Dwina. 
Ehopalodon Fischer ; Uraniscosaurus Nopcsa.^ Permian ; Ural, Russia. 


^ Mpcsa, F.y Geologica Hungarica, Ser. Palaeont., vol. i,, p. 13, 1928. 
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Family 2. lotidorhinidae.^ 

Skdl long and narrow with large frontal region, orbits larger than temporal 
fossae, Permian. 

Ictidorhinus Broom. Upper teeth relatively small ; — i. 4 ; c. 1 ; m. 5. 
Supraorbital region of skull raised, and pineal foramen opening in a small 
eminence. I, martinsi Broom, with skull 9*5 cm. long. Upper part of Lower 
Beaufort Beds ; near New Bethesda. 


Tribe 3. BAURIAMORPHA.-^ 

Narrow intertemporal region of shtll formed mainly by parietal s, and pineal 
foramen small or absent ; occipital condyle single ; a secondary / a pair of 

large svborbital vacuities in himler part of palate; an interpterygoid vacuity. 
Scapula witJumt acromion ; sternnm rarely ossified . Phalangeal formula, o, 3, if. 

Comprising a few genera which seem to be intermediate between the 
Therocephalia and the Cyaodoniia. 

Bauria Broom. Occipital condyle divided by a deep groove. Postorbital 
bar incomplete. Upper teeth: — i. 4; c. 1; m. 10. The simple molars 
ground down smooth by wear. B, cynops Broom. Karroo P'ormation (Upper 
Beaufort Beds) ; South Africa. 

Microgomphodon Seeley ; Aeliirosuchus, Melinodon, Sesamodon Broom. Ericio- 
lacerta Watson. Upper and Middle Beaufort Beds ; South Africa. 


Tribe 4. CYNODONTIA.^ 

Narrow intertemporal region of skull formed mainly by parietals, and piiml 
foramen small or absent ; prefrontal and postorbital usually meeting and excluding 
frontal from orbit; occipital condyle paired; no preparietal bone; a secondary 
palate into which the maxillae and palatines enter ; no suborbital vacuities. Molar 
teeth more or less cusped. Scapula with acromion ; sternum not ossified. Phalangeal 
formula, 2, 3, Jf, 5, S. 


* Broom, /?., Bull. Amer. Mus. Nat. Hist., vol. xxxii., p. 560, 1913. 

2 Watson, D. M. S., Some Carnivorous Therapsids. Proc. Zool. Soc., 1914, p. 1021. — Skeleton 
of a Bauriainorph Reptile. Loc. cit., 1931, p. 1163. 

^ Broom, R., Axis, Atlas, and Proatlas in the Higher Theiiodonts. Proc. Zool. Soc., 1903, 
p. 177. — Skull in Cyuodont Reptiles. cit., 1911, p. 893. — JctiRopsis. Loc. cit, 1912, 

p. B>72.—Li/cognathus. Bull. Amer. Mus. Nat. Hist., vol. xxxii., p. 557, 1913. — Mammal-like 
Dental Sticcession in Cynodont Reptiles. Loc. cit, vol. xxxii., p. 465, 1913. — Gomphognaihus 
and its Allies. Rec, Albany Mus., vol. iii., p. 227, 1919. — Some Recent new Light on the Origin 
of Mammals. Proc. Linn. Soc. N.S. Wales, vol. liv., p. 688, 1929. — Gregory, W. A"., and Gamp, 
O. L., Reconstruction of Skeleton of Oynognathus. Bull. Amer. Mus. Nat. Hist., vol. xxxviii., p. 538, 
1918. — Ilaughion, S. IL, Some Upper Beaufort Therapsida. Trans. Roy. Soc. S. Africa, vol. x., 
p. 299, 1923. — Iftiene, F. von, Ein Cynodontier aus der Trias Brasiliens. Centralbl. f. Min., etc., 
1928, Abt. B, p. 251. — Petronievics, B., Comparison between the Lower Jaws of the Cynodont 
Reptiles Uomphognathus and Oynognathus. Proc. Zool. Soc., 1918, p. 197. — Se^ey, H, O., On 
Diademodon. Phil. Trans. Roy. Soc., vol. 185 b, p. 1029, 1894.— On the Gorophodontia. Loc. 
cit, vol. 188 b, p. 1, 1895. — Skeleton in New Cyuodontia Loc, cit, vol. 186 b, p. 59, 1895. — 
Sushkin, P. P., Permocynodon, a Cynodont Reptile from the Upper Permian of Russia, liitemat. 
Congress Zool. , Budapest, 1927, p. 804, 1929. — Watson, h, M. B., Skull of Diademodon. Ann. 
Mag. Nat. Hist. [8j, vol. viii., p. 293, 1911. 
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Family 1. Oynognathidae. 

Molar teeth laterally compressed coms^ with one or more pairs of basal denticles ; 
lower molars biting within upper molars. Upper Permian and Triassic. 

Cynognathns Seeley (Figs. 369, 370). Known by skull with definitely 
associated vertebral column and limb arches. Head remarkably large \ and 



Pui. Srtl>. 

Cyn,iMjnathHs cnt^eronotus Swl^y. Itestomtion sk«*lf‘ion. Karroo Formation (Upi«*r n«atifort Beds); 
iSonth Africa. About i/jy nat. size, (after Gregory ami Camj»). 


back stiffened by the overlapping of expansions of the hinder dorsal and 

lumbar ribs. Skull with very broad postorbital bar and temporal arcade, 

and intertemporal crest elevated. Four pairs of serrated incisors in the upper 

jaw, probably three pairs in the man- p 

dible ; canine partly serrated ; five ^ 

premolars and four molais in each ^ 

jaw, also serrated and with a sei)ar- ^ 

ate denticle at the base. Six or ^ 

seven cervical vertebrae, seventeen 

or eighteen dorsals, four or five ^ 

lumbars, and three or four sacrals. Af Ag 

C, crateronotus Seeley (Fig. 369), Fro. 87o. 

with skull 40 cm. long and presacral Cynogimthus plat^ps Seeley Skull and mandible. 

® ^ Karroo Formation (Upper Beanfort Beds) ; South Afneu. 

vertebral column about 1 ni. long; Lettering as in Fig. S67. About 1/4 »at- size (after Broom). 

also C. platyceps Seeley (Fig. 370) 

and other species. Karroo Formation (Upper Beaufort Beds) ; South Africa. 

Cynidiognathxis Haughton ; Lycochampsa Broom {Lycognathxis Broom). 
Upper Beaufort Beds. 

The following imperfectly known genera may represent one or more 
distinct families : 

Cynosuchus Owen ; Cynogomphius, Cynosuchoides Broom. L. Beaufort Beds ; 
S. Africa. 


Galesaiirxis Owen. Skull depressed behind, compressed in front. Upper 
teeth: — i. 5; c. 1 ; m. 12. G, planiceps Owen, skull 10 cm. long. Middle 
Beaufort Beds ; S. Africa. 

Thrinaxodon Seeley. Angular and surangular bones larger than in CynO’ 
gnathm. Upper teeth : — i. 4 ; c. 1 ; m. 7. Lower teeth : — i. 3 ; c. 1 ; m. 7. 
Variations in front teeth and premolars perhaps due to changes during dental 
succession. The phalangeal formula of both fore and hind foot is known to 
be 2, 3, 4, 5, 3. T, liorhimis Seeley. Upper Beaufort Beds ; South Africa. 

Tribolodon Seeley. Ifpper Beaufort Beds. GlocJimodon, Platycraniellus van 
Hoepen. Nythosaurus Owen ; Ididopsis Broom. Middle Beaufort Beds. 
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Permocynodon Sushkin (Fig. 371). Cranial region of skull very long and 
broad, with high compressed intertemporal crest. A small pineal foramen. 



Angular and surangular bones 
as large as in Thrinaxodon. 
Upper teeth : — i. 5 or 6 ; c. 1 ; 
m. 12. Foremost three upper 
molars small and conical; next 
two larger and much swollen at 
base of crown; others larger, 
with one central cone, and two or 
three small additional cones on 
both the labial and lingual sides. 
According to Sushkin both the 
anterior and the posterior molari- 
form teeth exhibit successional 



teeth. P. sushkmi sp. nov., 
skull 9 cm. long, with maxi- 
mum width of 6-5 cm. across 
zygoma. Upper Permian ; N. 
Dwina, N. Russia. DmniaAmsL- 
litzky, from the same formation 
and locality, is allied. 

Family 2. Diademodontidae. 

Molar feeth round in section or 


Fio. 371. 

Vermocyni^don sushkini sp. nov. Skull and mandible, in top 
view (A) and right side view (ft). Upper Permian ; N. Dwina, 
N. Russia. ‘<2/3 uat. size, drawn by Prof. P. P. Sushkin. 


transversely extended ^ with eusped 
grinding surface ; lower molars 
directly opposed to thsm, Triassic. 


These Cynodonts were probably insectivorous or mixed feeders. They 
are grouped by Broom into genera as follows : 

Diademodon Seeley. Narrow-headed form, with rounded upper molars 
and premolars. D. tetragonus Seeley, known only by fragment. Karroo 
Formation (Upper Beaufort Beds); Burghersdorp, South Africa. 

Gomphognathus Seeley (Fig. 372). Broad-headed form; with most of the 
upper molars much broader than long. Upper teeth : — i. 4 ; c. 1 ; m. 9. 
6r. kannemeyeri Seeley, G, hrowni Seeley sp., and other species. Upper 
Beaufort Beds ; South Africa. 

Cyclogomphodon, OctagomphuSj Trirachodontoides Broom ; Protaemon Watson. 
Upper Beaufort Beds. 

Trirachodon Seeley. Skull not much widened behind. Upper incisors in 
three or four pairs, a stout canine, and from nine to eleven molars. Upper 
molars crowded and much laterally extended, the crown with three longitudinal 
ridges, of which the median is strongest and is most elevated at each end. 
T, kannemeyeri Seeley, skull 10 cm. long. Upper Beaufort Beds; Burghers- 
dorp and Aliwal North, South Africa. 

Gomphodontosuchus F. von Huene. Upper teeth : — i. 4 ; c. 1 ; m. 6. The 
first tooth of the molar series is minute and isolated. Other molars very 
irregular in shape, tending to be triangular, with margin beaded or crimped. 



ORDBB m 


ARAEOSCELIDIA 


269 


G. brasUiensis F. von Huene, skull about 18 cm. long. Triassic; near Santa 
Maria, Rio Grande do Sul, Brazil. 


As already mentioned (p. 261), Broom regards the small rat-shaped 
Ididosauria as another tribe of Theriodonts which are almost Mammals. They 
include the small jaws from the Stormberg Beds (Upper Triassic or Rhaetic) 
of South Africa named ^ 


Karoomys and Trithelodon 
Broom, Pachygenelus Watson, 
and Lycorhinus Haughton.^ 
Another tribe, Burnetia- 
morphuy may be represented 
by the skull named Burnetia 
Broom, which is superficially 
like that of a Dinocephalian. 
It consists of spongy bone, 
with bosses above each orbit, 
one in each post-temporal 
region, and one on the nose. 
The pineal foramen is small. 
The incisors are reduced ; 
there are four small molars 
and one canine. B» mirabilis 
Broom, skull about 19 cm. 
long. Karroo Formation 
(Middle Beaufort Beds) ; 
Water Krantz, South Africa. 
Styracocephalus Haughton, 
from the Lower Beaufort Beds, 
Beaufort West, South Africa, 
also known only by an imper- 
fect skull, may be a related 
genus.* 



Order 3. 

ARABOSCBLIDIA.3 

Primitive lizard-shaped land 
reptiles. Roofing hones of tem- 
poral regim of skull contrading 
into a single broad arch ; tabular 
and postparietal bones present ; 
in sockets^ some on the palate. 


GimphogncUhus hrowni Beelf^y sp. Skull lacking snout, in 
occipital view (A) and from below {]i). Karroo Formation (Upper 
Beaufort Beds) ; South Africa. B,Spf baHisphenoid Jugular 

foramen ; F.M„ foramen magnum ; i./xir, postparietal ; Ju, jugal ; 
Mx, maxilla; Pal, palatine; Par, tabular; Par,oc, paroccipital 
(opisthotic) ; pterygoid; Qit, quadrate ; S, temporal fossa ; Sq, 
squamosal ; Tr, transverse (ectopterygoid) ; Vo, vomer. nat size 
(after Watson). 

quadrate fixed, A pineal foramen. Conical teeth 
Intercentra present; cervical ribs single-headed. 


^ Broom, R,, New type of Cyaodont from the Stormberg. Ann. S. African Mus., vol. vii., 
p. 384, 1912. — Karroomys, Geol. Mag., p. 345, 1903. — Haughton, S, IL, Trithelodon, Lycorhinus, 
Ann. 8. African Mus., vol. xii., p, 341, 1924. — Watson, D, M. S,, New Cynodont from the Storm- 
berg. Qeol, Mag. [5], vol. x., p. 145, 1913. 

® Hattghton, B, H„ Ann. 8. African Mus., vol. xxviii., p. 65, 1929. 

* Broom, it.. Skull ot Araeoeedie, Proc. Zool. Soc., 1981, p. 741. — WiUiston, S, TF., Osteology 
of some American Permian Vertebrates, Joum. Geol., vol. xxii,, p* 364, 1914. 
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dorsals partially double-headed, all articulating with the centra. No ossified pre- 
coracoid ; pubis and ischium plate-like, th^ former pierced by a foramen ; phalangeal 
formula, '2, S, 4, 6, 4 ('^)- 

Araeoscelis Williston (Ophiodeirus Broom) (Fig. 373). Marginal teeth in 
a nearly uniform series ; palatal teeth minute. Very slender body and limbs ; 
fore limb about as long as hind limb. At least seven cervical, twenty dorsal, 
and two sacral vertebrae, and a long slender tail. Coracoid and scapula 
j fused together. Limb bones hollow ; 

humerus with entepicondylar and ect- 
epicondylar foramen. Abdominal ribs not 
Vm observed. No armour. A, gracilis Will., 

about 80 cm. in length (Fig. 373). Per- 
mian ; Texas. 

following imperfectly known 
yy. genera of Permian reptiles may belong 

Order : Froiorosaurns H. v. Meyer 
1 GracUkaurus Weigelt,^ from Germtin 

^ Kupferschiefer ; Adelosaurus Watson, 

r from English Marl Slate ; Farasanrus 

Geinitz, from Zechstcin of Thuringia ; 
Kadaliosaurus Credner, from Niederhiiss- 
q ^ lich, Dresden ; Aphelosaurus Gervais from 

^ All tun, France. 

- fr pa The Tanysitrachelia, regarded by Peyer 

as a primitive Sub-Order of Saurojderygia, 
' ^ \q related to the Araeoscelidia, 

m c UT They are slender lizard-shaped reptiles 

with a very long neck, known only by one 
genus: 

— Tanystropheus H. von Meyer (Tribele- 

Fi<j. 37.1 Woa Bassani: Procc?us‘tfwr'?/sF. V. Huene).^ 

Araeosvelu grariliswilliaioxi. Skull and mandible, tti ^ ^ 

in uppir(A) and side view (B). Permian ; Texas. Head small ; abOUt twelve mUCh elongated, 

Wiiuston).' hollow cervical vertebrae, which bear long 

and slender ribs, all single-headed except 
the last ; fourteen dorsal vertebrae with ribs apparently single-headed ; five 
sacral and pscudosacral vertebrae ; and about forty-five caudals. Pelvis much 
like that of Araeoscelis. Three ossified elements in carpus, and three or four in 
tarsus ; phalangeal formula, 2, 3, 4, 5, 3 ; terminal phalanges claws. Abdominal 
ribs numerous. No dermal armour. T. longobardicus Bassani sp., with the 
hinder teeth tricuspid in small individuals. Attaining a length of nearly a metre. 
Upper Triassic ; Besano (Lombardy), Italy, and Serpiano (Tessin), Switzerland. 
T. conspicuus H. v. Mey., known by cervical (not caudal) vertebrae, sometimes 
nearly 30 cm. long, from the Upper Muschelkalk of Bavaria and Wiirtemberg. 
T. antiquus F. von Huene. Lower Muschelkalk ; Upper Silesia, 


^ Weigelt, J., Die vermutliche Nabrung von Protorosaurm, Leopoldina (Hallo), vol. vi., 
p. 269, 1930. 

5* Broili, F., Tanystrophms compicuusH. v. Meyer. Neues Jahrb. f. Min., etc., 1915, vol. ii., 
p. 51. — Edinger, T., Rilckenrnark in Wirbelkorper ITanystropheus], Anat. Anzeig., vol, Ivii., p. 
616, 1924. — I/uene, F, von, Tanystropheus nnd verwamlte Fonnen. Nenes Jabrb,. f. Min., etc., 
Beil.-Bd. 67, Abt. B, p. 66, 1981. — Peyer, B,, Tanystropheus longobardicus Bans, gp, Abhaiull. 
Schweiz. Palaoont. Ges,, vol. 1., 1931. 
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Order 4. MESOSAURIA.^ {Proganosanria Baur.) 

Primitive amphibious or aquatic reptiles, with elongated head, short neck, 
elongated body, and very long tail. External nares separate, just in advance of the 
large orbits. Marginal teeth long and slemler, in sockets ; rows of smaller teeth on 
palate. Vertebral centra biconcave and pierced by notochord ; no intercentra ; two 
sacral vertebrae; ribs more or less thickened, single-headed, articulating with the 
centra. Abdominal ribs well developed. Coracoid with foramen ; clavicular arch 
well developed; pubis and ischium plate-like; a pubic notch or foramen. Fore limb 
usually shorter than hind limb ,* humerus with entepicondylar foramen ; four or five 
ossified distal carpal and tarsal bones; digital formula marly S, J/., 5, o, the 
fifth digit in hind foot lengthened. 

As the hinder part of the skull in the Mesosauria has not yet been clearly 
observed, their systematic position is imcertairi. Von Huene and Nojxjsa 
assign them to the Ichthyopterygia ; Seeley places them near the Noihosavria ; 



fitercosternum iumidum Cope. V<uiti'al vi«w of KkeIot><)n. I^ermraii ; San Paulo, Brazil. 1/5 nat. size 

(after M‘(5r«gor). 

and M‘Gregor regards them as primitive Bhynchocephalia, Wiman argues that 
they cannot be closely related to the Ichthyopterygia, 

Mesosaurus Gervais (Ditrochosaurus Giirich). Skull longer than neck. 
Twenty -nine presacral vertebrae. Notch in pubis. Four phalanges in fifth 
toe of hind foot. M, temiidens Gerv. Lower Karroo (Dwyka ) ; South Africa. 
M. Irrasiliensis McGregor, usually nearly a metre in length. Permian ; 
S. Paulo, etc., Brazil. 

Stereosternum Cope {Notosaurus Marsh) (Fig. 374). Skull not longer than 
neck. Thirty-four presacral vertebrae. Foramen in pubis. S, tumidum Cope, 
about 80 cm. long. Permian ; S. Paulo, Brazil. 

Noteosaurus Broom. Six phalanges in fifth toe of hind foot. Lower 
Karroo; S. Africa. 

' Broom^ R., Structure of Mesosaurus, Trans. S. African Phil. Soc., vol. xv., p. 103, 1904. — 
Species of Mesosaurus. Ann. S. African Mus., vol. iv,, p. 379, 1908. — Cope, K D., Vertebrate 
Palaeontology of Brazil. Proc. Amer. Phil. Soc., vol. xxiii., p. 7, 1886. — Geinitz, H. B., 
Stereostemum tumidum Cope. Ann. Soc. Geol. Belg., vol. xxv., p. 36, 1900. — Oilrich, O., 
Ditrochosaurus capeusis, Zeitochr. Deutsch. Geol. Ges., vol. xli., p. 641, 1889. — McGregor, J. //., 
Mesosaurus hrasiliensis nov. sp. In /. C. White, Final Report, Coram issS,o de Estudos das Minas 
de CarvSk) de Pedra do Brazil, p. 303. Rio de Janeiro, 1908. — Seeteg, H. G., Mesosauria of South 
Africa. Quart. Joum. Geol. Soc,, vol. xlviii., p. 686, 1892. — Stromer, E, von, Fossilen Reptilreste 
aus Deutsch-Siidwestafrika. Centralbl. f. Min., etc., 1914, p. 680 [bibliography]. — Wiman, C, 
Mesosaurfer. In Festschrift f. Gorganovic-Kiamberger. Zagreb, 1926. — Woodward, A, S,, New 
specimen of Stereostemum, Geol. Mag. [4], vol. iv., p. 146, 1897. 
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Order 6. ICHTHYOSAURIA.^ {Ichthyopterygia.) 

Primitive marine reptiles with fish-shaped body, long head and tail, and no dis- 
tmct neck. Hoofing hones of temporal region of skvll contracting into a single broad 
arch ; quadrate fixed. Rostrum long and tapering ; orbits large, laterally placed, 
with sclerotic ring. External nares separate, slightly in advance of orbits. Pineal 
foramen and supraiemporal vacuities large, I'eeth usually conical and inserted in a 
continuous groove on the maxillae and elongated jimmaxillae and mandible, hut some- 
times wanting. Vomers toothless. Vertebrae numerous, very short, deeply amphi- 
coelous. Ribs long, articulating only with centra ; abdominal ribs present. Pectoral 
arch consisting of coracmds, scapulae, clavicles, and a triangular or T -shaped inter- 
clavicle ; sternum not ossified. Limbs sho7i, paddle-shaped, sometimes with more 
than five rows of phalanges, and a layer of cartilage round the carpals, tarsals, and 
phalanges. No dermal armour. Viviparous, 

The members of this Order are distinguished chiefly by their fish-shaped 
body, paddle-shaped limbs with numerous oval or polygonal phalanges, 
large head with elongated rostrum, short amphicoelous vertebrae, and naked 
skin. In external form, limb-structure, and adaptation to a marine exist- 
ence, they depart as widely from other reptiles as whales do from land 
mammals, and occupy as isolated a position. Like the whales, they doubt- 
less evolved from land animals, for the fore paddles of the earlier (Triassic) 

^ Andrews, O. IV., Osteology of OjMhalmosaiirus icAuicvs. Oeol. Mag., 1907, p. 20*2. — De- 
scriptive Catalogue of the Marine Reptiles of the Oxford Clay, )>t. i. London, 1910.-— Ichthyo- 
sanrian Paddle showing Traces of Solt Tissues. Proc. Zool. Soc., 1924, j). 583. — Bauer, F., Die 
Ichthyosaurier des oberen weisjien Jura. Palaeontogr., vol. xliv., p. 288, 1898. — Ichthyosaurus 
bawhergensis. XVII I. Ber. Naturf. Ges. Bamberg, p, 1, 1900. — Osteologische Notizen iiber 
lchthyo.saurier. Auat. Anzeig., vol. xviii., p. 581, 1905. — Baur, G., On the morphology and origin 
of the Ichthyopterygia. Amer. Nat., vol. xxi., p. 837, 1887 ; also Bericht 20. Versammlung 
Oberrhein. Geol. Vereins, p. 20, 1887 ; and Anat. Anzeig., vol. x., p. 450, 1894. — Branca, W., Sind 
alle im Innem von Ichthyosauren liegenden Jungen aiisnalim.slos Embryonen ? Abh. K. Preuss. 
Akad. Wise., 1907, p. 1, 1908 ; also Sitzb. K. Preuss. Akad. Wise., phys.-math. Cl., vol. xviii., 
p. 892, 1908. — Bnnli, F., Ein neuer Ichthyosaurus aus iler norddeutschen Kreide. Palaeontogr., 
vol. liv., p. 139, 1907 ; see also loc. cit., vol. Iv., p. 296, 1909, and Neiies Jahrb. f. Min., etc., 
Beil.-Btl. XXV., p. 422, 1908. — Dollo, L., L’ Audition chez lea Ichthyosauriens. Bull. Soc. Beige 
Geol., etc., vol. xxi., Proc.-Verb,, p. 157, 1907. — Fraas, E., Die Ichibyosaurier der suddeutscheu 
Trias und Jura Ablagerungen. Tubingen, 1891. — Die Hautl)edeckung von Ichthyosaurus. Wiirtt. 
Jahresh., 1894, p. 493. — Embryonaler Ichthyosaurus mit Hautbekleidung. Loc, cU., 1911, p. 480. 
— Ein UDverdriickter Ichtliyosaunis-Sch^lel. Loc. cit., 1913, p. 1. — Gilmore, C, IV., Osteology of 
Baptanodon (Marsh). Mem. Carnegie Miis., Pittsburgh, vol. ii., p. 77, 1905. — Hawkins, T., Memoirs 
of Ichthyosauri and Plesiosauri, London, 1834. — Huene, F. von, Die Icbthyosaurier des Lias 
und ihre Zusammenbange. Berlin, 1922. — Becken von Ichthyosaurus qmdriscissus. Centralbl. 
f. Min., etc., 1922, p. 277. — Ichthyosaurier aus der Kreide Argentiniens. Rev. Mus. La Plata, vol. 
xxviii., p. 234, 1925 ; also Centralbl. f, Min., etc., 1925, p. 90. — Neue Ichtbyosaurierfunde aus 
dem schwabischen Lias. Neues Jahrb. f. Min., etc., Beil.-Bd. Iv., Abt. B, p. 66, 1926. — Myobrady- 
pterygius, Centralbl. f. Min., etc., Abt. B, 1927, p. 22. — Eiii neuer Ewrhinosaurus aus dem 
oberen Lias von Holzmaden. Neues Jahrb. f. Min., etc., Beil.-Bd. lix., p. 471, 1928. — Neue 
Studien tiber Ichthyosaurier aus Holzmaden. Abhandl. Senckenb. Naturf. Ges. Frankfurt, vol. 
xlii., p. 345. 1931. — Neue Ichthyosaurier aus Wiirtteml)erg. Neues Jahrb. f* Min., etc., Beil.- 
Bd. Ixv., Abt. B, p. 805, 1931,— Jacket, O,, Eine neue Darstellung von Ichthyosaurus, Zeitschr. 
Deutsch. Geol. Ges., vol. Ivi., Protokoll, p. 26, 1904. — Liepmann, W., Leichengeburt bei Ichtbyo- 
sauriem. Sitzb. Heidelberg. Akad. Wiss., rasth.-nat. Kl., 1926, p. 8. — Longman, H, A., 
lohthyosaurlan Skull from Queensland. Mein. Queensland Mus., vol. vii., p. 246, 1922. — Owen, 
R,, Mon<^aph of the fossil Reptilia of the IJassic Formations, pt. iii, (Palaeontogr. Soc.), 
1881. — Mono^pb of the fossil ^ptilia of the Cretaceous Formations {loc, eit,), 1861. — Seeley, 
H, O,, On d^hthalTAosaurus, etc. Quart. Joum. Geol. Soc., vol. xxx., p. 696, 1874.— Oit the 
skull of an Ichthyosaurus. Loc, cil,, vol. xxrvi., p. 635, 1880. — Reproduction of certain species 
ot Idithyosaurus, 60th Rep. Brit. Assoc., p. 68 (1880), 1881.— W, Skull of 
sawrus studied in serial sections. Phil. Tr^s. Boy. Sm., vol. 208 B, p. 63, 1916. — Stromer, M,, 
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forms arc less completely adapted for swimming than those of the later forms. 
They occur throughout the Mesozoic marine deposits, and are most abundant 
in the Lias, where complete skeletons are common, and most widely spread in 
the Cretaceous in nearly all parts of the world. In size they vary from 1 to 
10 or 12 metres in length. 

The absence of branchial arches and shaj)e of the hyoid bones prove that 
the Ichthyosaurs breathed by lungs ; and well-preserved skeletons in the Lias 
of England and Wiirtemberg, which contain several embryos in the abdominal 
cavity, show that they were viviparous. Coprolitic matter in some of the 



Fm. 375. 


Stenoplei'ytfiiis zeUanilicua ,StH‘loy Rp. Skull, upiM*r iimi lal^'inl asjMJcts. Upper ] Jas ; Curcy, Calvados. 
A, orbit; nng, angular; d, dentary; Fr, froiit-fU ; juKiU ; k, auT-angular; La, laoluyinal ; Md, mandible; 
Mr, maYllla ; V, I'xteriial nuriiil opening; Sa, nasal; op, splenial ; ivt, parieUil ; Pnix, preinaxilUt ; lUtr, post- 
orbitul ; /V/; prefrontal; P//, ixistlrontul ; QhJ, quadra’ r».jugal ; temporal vacuity ; .*>< 7 , sclerotic plates: 
Sq, supratemporal or prosqnamosal ; St, squamosal. 1/4 nat. size (after E. Deslongclmmps). 


skeletons indicates that these reptiles fed chiefly on cuttle-fishes and fishes. 
It never bears any marks of the intestine, and the isolated coprolites with a 
spiral marking commonly ascribed to Ichthyosaurs probably belong to 
Hybodont sharks. 

The skull (Fig. 375) is remarkable for its elongated, dolphin-like rostrum 
and enormous orbits, which are surrounded by a ring of fifteen to twenty 
sclerotic plates. The paired parietals and f rentals are of small size, and a 
large pineal foramen occurs at their junction in the median line. A(ijoining 
the parietals on either side are the large oval supratemporal vacuities (S), 
bounded externally by the supratemporal (or prosqnamosal) and postfrontal. 
The external nares are triangular and placed close to the orbits ; the nasals 
are extended in front, and the premaxillae greatly produced. The superior 
border of the orbit is formed by the postfrontal and prefrontal, the latter a 

Neue Forschungeu iiber Fossile Lungenatmende Meeresbewohner. Fortsebr. naturwiss. For- 
scliuug, Berlin, vol. ii., p. 83, 1910. — Theodoriy C., Beauhreibung dea kolossaleii Ichthyosaurus 
trigonodonzw Bauz. Munich, 1864. — Wiman, C.y Beckengiirtel bei Stenopterygius quadriscissus. 
Bull, Geol. Inst. Upsala, vol. xviii., p. 19, 1921. — Woodurardy A, S.y Two specimens of 
Ichthyosaurus showing contained Embryos. Geol. Mag., 1906, p. 443. — The 80 *called Coprolites 
of Ichthyosaurians and Labyrinthodonts. Loc, cit,y 1917, p* 640. 
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narrow, triangular plate. In front of the orbit, and separating it from the 
narial opening, is a triangular lachrymal. A long, slender, roddike jugal 
bounds the orbit below, and a curved oblique postorbital encloses it behind. 
Joining the postorbital and jugal posteriorly is the quadrato- jugal, which 
forms the postero-lateral angle of the skull, and with the quadrate enters the 
articulation for the lower jaw. An irregularly triangular or rectangular 
plate, the squamosal, is inserted between the quadrato- jugal and supra- 
temporal, and behind the postorbital and postfrontal. The maxilla is an 
elongate triangular bone, between the jugjil, lachrymal, and premaxilla. 

The basioccipital (Fig. 37G) is very strongly developed, and bears a stout 
articular condyle. Above it and on either side of the foramen magnum are 



Fkj. 876. Fia. 377. 


Ojihth/dmosaurvs ireninis He«h‘y. Occi'intiil view of skull. 
Oxford Clay ; IVfcerboroufih. art, articular surfac<* of (piadnite ; 
hoc, basioccii)ital ; coml, occipitJil coiulyle ; exo, exoccipital ; for, 
foramen in supraoccipital ; for.nmj, foramen magnum ; oj), 
oplsthotic ; op./, facet for opistliotic ; p, process of supinoccipiUil 
projecting into foramen magnum ; jhi./, facet for parietal ; p.h.xt/, 
parietal branch of .s(iuamosal ; p.e.a, postero-externul angle of 
squamosal ; pt, pterygoid ; pt,/oss, jxjst- temporal fossa ; (j, quadrate ; 
q.b.sq, quadrate branch of squamosal ; q.j, quadrato-jugal ; six', 
supraoccipital ; st, stapes ; t.b.sq, tt'mporal branch of squamosal ; 
jr//, foramen for posterior branch of hypf»glo 8 .sal nerve. 1/4 nat. 
size (after G. W. Andrews). 


Htennpter}f(ji lutzethindicuft Seeley 
sp. Uiagiarii of iwlate. Upper- 
Lias ; Cuniy. /**, basiojcipital ; 
y>*K, basisphenoid ; Hy, carotid 
foramen ; Mx, maxilla ; Pa, jMila- 
tine ; Pmx, premaxilla ; Ps, pre- 
sphenoid ; rt, pteryg(»id ; Q, 
(juadrate ; V, vomer ; x, sjjace 
l^rhaps for transverse (ecto- 
pterygoid). Internal nares tlmik- 
ing the vomers, t/g nat. size 
(after A. 8 . W(x>dwara). 


the paired exoccipitals, capped by the supraoccipital. Outside the basi- 
occipital and exoccipital of each side extends the rod-shaped stapes (or 
columella auris), which is relatively large and thick, and lies in a groove on the 
upper face of the pterygoid; its distal end fits into a shallow pit on the 
quadrate. Above this, adjoining the exoccipital, is the opisthotic, which 
remains separate from the prootic. The bones of the occipital and otic regions 
are rather loosely united, and the lateral walls of the brain case appear to 
have been cartilaginous ; there is no ossified alisphenoid or orbitosphenoid. 
According to Dollo, hearing must have depended on the vibration of the bones 
of the skull, as in the Cetacea, 

Abutting against the basioccipital on the lower side of the skull (Fig. 377) 
is the basisphenoid, which develops a long, splint-like anterior process 
(presphenoid), extending along the middle of a large inlerpterygoid vacuity. 
The basisphenoid is pierced hy a single or double foramen for the carotid 
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arteries. The pterygoids arc long and relatively large-sized bones joining the 
vomers and palatines in front, atid the basisphonoid and quadrate behind. 
There is a well-dcvelo[)ed columella or epipterygoid, but no transverse or 
ectopterygoid has been satisfactorily observed. The internal nares occu})y 
their primitive position on either side of the narrow vomers A pair of 
stout, rib-like hyoid bones is present. 

The slender rami of the lower jaw unite in an extensive symphysis, and 
are without a coronoid process. Each ramus consists of five or sometimes six 
])ieces. A deep groove extends along the outer side of the dentary on its 
upper border, but becomes interrupted anteriorly into a series of pits for the 
blood-vessels. 

The teeth (Fig. 378) in the post-Triassic genera are acutely conical, smooth 
or vertically striate, sometimes with anterior and posterior carinae, and even 



Fio. 878. 


Leptopterygim platyo<ion Conyb, sp. T^ower 
Lias ; J^yine Ko^is. Tootli, laLmil himI 
aiitt^rior a 8 p«icts. Nut. size (after Lydekker). 


Na 
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Irhthyosuuru^" quvnstfdti Zittel. Upper 
Jurassic ; WiirtemberK. Jaw-fra^^neiit, showing 
tectli in grcxu H. Md, denUiry ; Na, nasal ; 
Pmx, pnmiaxilla. 8/4 nat. size (after Que.nstedt). 


an incomplete third cariria, and with a tumid root usually larger than the 
crown. As many as 180-200 occur in single series in upper and lower jaws 
(Fig, 379), being confined to the maxilla, premaxilla, and dentary. In 
the primitive Triassic forms the teeth are in sockets, but in the typical 
Ichthyosaurians they are placed in a deep groove, usually continuous, 
and were held in place by the soft tissues and the edges of the groove. 
Some of the later Mesozoic forms are toothless. The crown is com- 
posed of dentine, covered with a layer of enamel, and over this there may 
be sometimes still another layer of cement. A vertical folding of the walls 
of the root similar to that occurring in Labyrinthodonts is generally observed. 
The large root is composed of cement containing bone cells and vascular 
canals, enveloping a more or less folded cylinder of dentine. 

The vertebral coUmn comprises but two regions — caudal and precaudal. 
There is no true neck, and no sacrum. There are between 120 and 150 
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vertebivae, of which about 100 are caudal. The centra are extremely short, 
and deeply biconcave, as among Selachians and Labyrinthodonts. The neural 
arches are strongly developed, never fused with their centra, and articulate 
with one another by feeble zygapophyses. Adult individuals of the post- 
Triassic species almost invariably have the atlas and axis fused, and before 
and behind each of them are subveitebral hypocentra or intercentra. The 
remaining precaudal vertebrae are of nearly unifoi'm character (Fig. 380), 
each centrum being provided with two pairs of tubercles for attachment with 
the double headed ribs, and exhibiting dorsall^T- a neural canal, with a rugose 
pit on either side for the pedicles of the neural arch. The anterior caudals 
bear only a single pair of tubercles for the support of the single-headed ribs, 
and these gradually disappear posteriorly (Fig. 381). The halves of the 
chevron bones usually remain separate, but the neural arch of each vertebra 
except the atlas is undivided. A downward deflection of the column occurs 
in the posterior part of the tail, where the vertebrae enter the base of the 



Kkj. 880. 

MaentpUrygiiifi frigonns Owt^n sp. P«»st»*rlor domi! 

Clay ; W(K)ttori-Ba.sH(*tt, «, b, tubercular 

aiifl capitular facets bn ribs. I/3 nat. size (after Lydekker). 



Fio. 381. 

lihfhyoxiurus sp. C^audal vertebra, 
from above, in side view, and in front 
view. Upper liias ; Uanz, Franconia. 
Nat. size. 


large, triangular caudal fin. The latter is expanded in a vertical plane, and 
between the Middle Triassic and Upper Jurassic periods it develops into 
a very powerful swimming organ. A median dorsal fin has also been 
observed (Fig. 386). 

Kibs are present on all the precaudal vertebrae, and are longest between 
the tenth and thirteenth centra, after which they gradually decrease in size 
toward the pelvis. From hereon they continue single-headed, straight, and 
more like lateral processes than ribs, and disappear toward the caudal fin. 
The long slender ribs of the trunk are curved, subcylindrical in section, and 
in most species longitudinally grooved. A median and one or two paired 
lateral series of splint-like abdominal ribs are developed. 

The pectoral arch (Fig. 382) is unusually powerful. There is no ossified 
sternum for the attachment of ribs, but a triangular or T-shaped interclavicle 
is present in the median line, in part overlapping the robust coracoids, whose 
inner edges meet in a long symphysis. The anterior border of each coracoid 
is somewhat deeply excavated, the posterior margin entire and rounded. Its 
lateral margin is developed into a short, stout, and thickened process bearing 
two articular facets, the foremost for receiving the proximal end of the 
scapula, and the hinder for the head of the humerus. The clavicles are 
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slender curved bones, usually meeting in the middle line at the anterior 
margin of the interclavicle. Their union may be either by suture or by 
fusion, or sometimes even by a joint. 

Humerus, radius, and ulna are all short stout bones (Figs. 383, 384), and 
relatively much reduced. The proximal end of the humerus is thickened, the 
distal flattened and provided with radial and ulnar articular facets, which are 
remarkable for being concave. The remaining bones of the paddle, of which 
the first two rows correspond to the carpus, and the third to the metacarpus, 


are small and polygonal, and usually arranged 
in a mosaic. There are commonly from three to 
five digits, but as some of the phalangeal rows sub- 
divide, the number of the latter is occasionally in- 
creased to eight or nine. As many as 100 phal- 
anges are sometimes present. A deep incision is 


cl ’5* 




Fn;. 3S3. 


StenuitterygittstruKmiis Quimst. 
* ’ ' R{). fore paddle, doiKal 

Irhthyosaunis communis Conyb. Pectoral arch ainl rij^ht. fore limb, aspect. Upp<"r Lias; Boll, 

ventral aspect. Lower Lias; England. c 7 , clavicle; cor, coracoid; Jt, Wurtcmber^;. c', distal car{)als; 

hnincnis ; t, intermedium ; id, interclavicle d«rtly covered by clavicles) ; mo, e(]Uivalents of metacarpals. 

R, radius ; r, radiale ; .sc, .scapula ; U, ulna ; u, ulnarc. 1/4 nat. size. Otlior let ters as in Fi^. 3b2. 


often observable on the radius and three succeeding bones of the paddle (Fig. 
383), the significance of which is not understood. 

In the pelvic arch of the Triassic forms (Fig. 385, A), the pubis and ischium 
are expanded plates of considerable size, and the pubis is usually pierced by an 
obturator foramen. In the later typical Ichthyosaurians (Fig. 385, B), these 
two bones are reduced to slender rods with a distal expansion, and in some of 
the Middle and Upper Jurassic genera (Ophthalmosaurus) they are fused 
together. The ilium, which meets the other two elements in the acetabulum, 
is a comparatively slender bone, usually more or less arched and freely 
suspended in the muscles. The femur is short and stout, but relatively 
longer than the humerus ; the rest of the hind paddle resembles the fore 
paddle. 

Impressions of the smooth skin are shown in some specimens (Fig. 386), 
which display a soft dorsal and caudal fin, and a fringe of soft parts behind 
and below the bones of the paired paddles. A round sac of uncertain nature 
in the soft parts below the throat has also been observed by Abel. There is 
no dermal armour. 
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Mirnsaurus comalianuft Biissaiit 
Ki». Right for« paddlp, dorsal 
aspoct. Upper Ti iassic ; Eesano, 
Loinlwtrdy. p, pisiform ; oth(5r 
Intters as in Fig. 382. 
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At Bight pelvic arch of Cymlm»p(mdylu 8 
mtriniti Leidy, ventral as^ct. Middle 
Triassic ; Nevada. 1/7 liat* »lze (after Mer- 
rtom). Bt Left pelvic arch of Ickthyosaurm 
oonmtmia Conyb., outer aspect, flower 
Lias ; England, nat. Hi;se (after A. S. Wood- 
ward). Eo, obturator foramen; Jit ilium; 
Jst ischium ; Pb, pubis. 



Upper Lias; Holzmatien, Wiiiteinberg 
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Family 1. Omphalosauridae.^ 

Maxilla and mandible with more than me row of blunt teeth in sockets, Triassic. 

Omphalosaurus Merriam. Grinding teeth with a hemispherical crown and 
the root not vertically fluted ; fixed in distinct sockets in three or more rows 
on the convex oral surface of the bone. 0. nevadanus Merriam. Middle 
Triassic ; Nevada, U.S.A. 

Pessopteryx Wiman. Hemispherical grinding teeth with the root vertically 
fluted, r. nisseri Wiman. Middle Triassic ; Spitzbergen. Isolated fragments. 

Jaws from the Lower Muschelkalk of Jena ascribed to Tholodus schmidti 
H. von Meyer by K. von Fritsch (Abh. naturf. Ges. Halle, vol. xxiv., pi. viii., 
1906) seem to belong to an Ichthyosaurian of this family. 

Family 2. Mixosauridae.2 

Teeth in a single row in sockets, mostly conicaf low and blunt behind. Atlas 
and axis not fused. Jlibs double-headed only in front part of trunk. Tail not much 
bent downwards. Inter clavicle triangular. Humerus, radius, and ulna rather 
elongated, and the two loiter not pressed together. Two digits articulating with inter- 
medium of carpus. Pains and ischium expanded. Triassic. 

Mixosaurus Baur (Fig. 384). Anterior teeth relatively small and conical, 
posterior teeth laterally compressed and truncated. Root of teeth vertically 
fluted. Tail very long and gentl}^ bent downwards. Pelvic limbs much 
smaller than the pectoral limbs. M. cornalianus Bassani sp., from Upper 
Triassic of Besano, Lombardy, is known by nearly complete skeletons not 
more than 1 metre in length. 31. nordenskibldi Hulke sp., known by frag- 
ments from Middle Triassic of Spitzbergen. Species perhaps also in the 
Middle Triassic of Nevada, U.S.A., and Germany. This or an fillied genus in 
the north of Dutch Timor, East Indies. 

Phalarodon Merriam. Middle Triassic ; Nevada. 

? Grippia Wiman. Middle Triassic ; Spitzbergen. 


Family 3. Shastasauridae.® 

As Mixosauridae, but only one digit articulating with intermedium of caroms, 
and humerus, radius, and ulna sometinus shoii. Triassic. 

^ Merriam, J. O., New Marine Reptile from the Middle Tria.sfiic of Nevada. Bull. Dept. Geol. 
Univ. California, vol. v., p. 7b 1906. — Merriam, J. (J., and liryant, II. O., Dentition of Omphalo- 
saurus. Loc. cit., vol. vi., p. 329, 1911. 

BroUi, F., tn>er die Mixosauridae. Anat. Anzeig., vol. xlix., p. 474, 1916. — Mixosauridae von 
Timor. Wetenscli. Meded. Dienst van den Mijnbouw in Nederl.-Indie, no. 17, 1931. — Huene, F. von, 
Beobachtungen an MLwsaurus cornaliamis (Bavssani). Centralbl. f. Min., etc., 1925, Abt. B, p. 289. — 
Merriam, J. C., Skull and Dentition of a Primitive Ichthyosaurian [Phalarodon] from the Middle 
Triassic. Bull. Dept. Geol. Univ. California, vol. v., p. 381, 1910. — Repossi, E., 11 Mixosauro 
degli strati triasici dl Besano in Lombardia. Atli ^oc, Ital. Sci. Nat., vol. xli., p. 361, 1902. — 
Wiman, C., Gber Mixosaurus cornalianus Bass. sp. Bull. Geol. lust. Upsala, vol. xi., p. 230, 
1912.— .Beckengiirtel der Triasichtbyosaiirier. Palaeont. Zeitscljr., vol. v., p. 272, 1922.— Bine 
nene marine Reptilieu-Ordnung aus der Trias Spitzbergens. Bull. Geol. Inst. Upsala, vol. xxii., 
p. 183, 1928. 

gj,® Dames, W., Ichthyopterygier der Tiiasformation. Sitzungsb. K. Preuss. Akad. Wias., phys.- 
roath. Ci., vol. xlvi., p. 1, 1895.— ^«€ne, F. von, Shastasaurusreste in der alpinen Trias. Cen- 
tralbl. f. Min., etc., 1926, Abt. B., p. 412. — Icbthyosaurier im deutschen Muschelkalk. Palaeon* 
togr., vol. Ixii., p. 1, 1916.— -Memaw, J. C., Triassic Ichlhyosauria. Mem. Univ. California 
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Shastasaunis Merriam. Vertebral centra very short. Humerus, radius, 
and ulna much shortened, but usually a cleft between radius and ulna. 
S, pacijicm Merriam. Upper Triassic (Upper Hosselkus Limestone) ; Shasta 
Co., California. The various species increase in size as they are traced 
upwards, ranging from about 3 to 10 metres in length. 

Gymhospondylus Leidy (Fig. 385, A). Humerus, radius, and ulna relatively 
long and the two latter bones constricted in middle. Fore limb not much 



M errianiia Houl en ge r 

{Leptochcirus Merriam vec Germar). Caudal vertebrae elongated. Fore limbs 
much larger than hind limbs. Three digits and rudiments of a fourth, with 
laterally notched phalanges. M. zitieli Merriam. Upper Triassic ; Shasta 
Co., California. 

Taretocneimis, Delphinosaiirus Merriam (Fig. 387). Vertebral centra longer 
than usual. Upper Triassic ; Shasta Co., California. 

Fessosaurus Wiman. Intermedium separating lower ends of radius and 
ulna. Middle Triassic ; Spitzbergen. 

1 Ekhainacanthus Yakowlew. Triassic ; Spitzbergen. 

Vertebrae and other fragments from the Muschelkalk of Germany, Austria, 
and Roumania have also been provisionally referred to some of the above 
genera and to Pachygo7iosaurus F. von Huene. Undetermined genera occur in 
the Triassic of the Peace River, British Columbia, and of Timor, East Indies. 

Family 4. Ichthyosauridae. 

Teeth conical, with strong vertical Jlutings on the root, in a single row in a 
continuous groove. Atlas and axis fused, llihs of trunk double-headed, of tail 
single-headed. Vertical tail fin supported by end of backbone sharply bent down- 
wards, Interclavicle T-shaped. Bones of limbs shortened and closely jtressed 
together. Intermedium of carpus separating distal ends of radius and ulna and 
bearing two digits. Pubis and ischium narrow, sometimes fused and only separated 
by a small foramen, J urassic and Cretaceous. 

These Ichthyosaurs form the Latipinnate Group of Kiprijanoff and 
Lydekker, and are grouped with the Mixosauridae in the family Latipinnatidae 
by von Huene and Nopcsa. 

Ichthyosaurus Konig (Proteosaurus Home; Gryphus Wagler; Eurypterygius 
Jaekel) (Figs. 381, 382, 385, B). Jaws of equal length, and teeth extending 
in regular series along the whole length of the mouth. Humerus with two 

vol. i., wo. 1, 1908. — Simioneacu, /., Ichthyosaurierreste aus der Trias von Dobrogea. Bull. Acad. 
Roumaine, Sect, sci., aim. 1, p. 81, 1913. — Wiman, C,, Marine Triassic Reptile Fauna of Spitz- 
bergeu. Bull. Dept. Geol. Univ. California, vol. x., p. 63, 1916. — YaJmolew, N., Neue Funde 
von Triaa-Sauriern auf Spitzbergen. Verb. K. Russ. Min. (les., vol. xl., p. 179, 1902, and vol. 
xli, p. 166, 1904. 
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distal facets (rarely with a small facet for intermedium between) ; not less 
than live digits in the fore limb, all completely ossified and closely pressed 
together for most of their length. Pubis and ischium not fused. A single 
soft dorsal fin. /. communis and L mtermediiis Conybeare are represented by 
line skeletons in the Lower Lias of Dorset (Lyme Regis), Somerset, and other 
parts of England ; the former attaining a length of over 5 metres, the latter 
of over 2 metres. /. hrevireps Owen and 1. conybeari Lydekker, also from 
Phiglish Lower Lias. Incompletely known species also in the Lower Oolites 
of England and Wiirtemberg, and Lower Jurassic of East Greenland. 

Ophthalmosaurus Seeley (Sauranodou Marsh nec Jourdan ; Baptanodon 
Marsh; After odontosavr us Gilmore) (Fig. 376). Jaws of equal length, teeth 
few and small, rudimentary, or absent. Orbit relatively large. Humerus 
with three distal facets for radius, ulna, and ])isiforni ; not less than five digits 
in the fore limb, and all the phalanges cartilaginous round their margin. 
Pubis and ischium fused. 0. iceniens Seeley, known by nearly complete 
skeletons from Oxford Clay of Peterborough. 0, uaians Marsh sj). U})per 
Jurassic; Wyoming, perhaps also South Dakota, U.S.A., and E. Greenland. 

Apatodonsaurus Mehl. Jurassic ; Wyomirig. 

Brachypfenjyius F. von Huene. Very broad fore paddle, the intermedium 
articulating with the humerus between the radius and ulna. i>. extremus 
Boulonger sp.^ Kimmeridge Clay ; Dorset. 

Macropterygius F. von Huene (Fig. 380). IJ])pcr Jurassic. 

Alyoptcrygius F. von Huene. Root of teeth with very thick layer of 
cement. Humerus with very strong deltoid ridge, AI. campylodon J. Carter 
sp. Cenomanian (Lower Chalk) ; England. Other species in the Upper 
Cretaceous of France, Germany, Italy, Russia, India, Ceram, Australia, New 
Zealand, North and South America. 

Alyohradypierygius F. von Huene. Lower Cretaceous ; Santa Cruz, 
Patagonia. 


Family 5. Stenopterygiidae. 

As Ichthyosauridae, hut only one digit articulated with intermedium, of carpus, 
Rhaetic, Jurassic, and Lower Cretaceous. 

These Ichthyosaurs form the Longipinnate Group of Kiprijanoff and 
Lydekker, and are grouped with the Shastasauridoe in the family Lon.gi- 
pinnatidac by von Huene and Nopesa. 

Stenopterygius Jaekel (Figs. 375, 377, 383, 386). Jaws of equal length, 
and teeth extending in regular series along the whole length of the mouth. 
Heads of each presacral rib well separated. Fore paddle with four digits, 
usually broad. Pubis and ischium fused. S, quadriscissus Quenstedt sp. 
(Fig. 386). Upper Lias; Wiirtemberg. S, zetlandicus Seeley sp. (Figs. 375, 
377), the largest species 4 to 5 m. long. Upper Lias; Whitby. Species 
perhaps also in the Lower Oolites. 

Leptopterygius F. von Huene {Temnodontosaurus Lydekker) (Fig. 378). 
Jaws of equal length, and dentition complete. Heads of each presacral rib 
united by a flange of bone. Fore paddle with four digits, usually narrow 
and long. Pubis and ischium separate. The largest and stoutest species of 

^ SotUengeTf G. A., Proc. Zool, Soc., 1904, p. 424. The discoverer of this fossil informed 
A. S. Woodward that he obtained it from the Kimmeridge Clay near Weymouth. 
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the Lias, sometimes probably over 10 m. in length. L. tenuirostris and L. 
platyodon Conybeare sp., Z. latifmis Konig sp., L, lonchiodon Owen sp. Lower 
Lias ; England. Z. acuHrostris Owen sp. {Ichthyosaurus trigonodon Theodori). 
Upper Lias ; Whitby, Bavaria, Wiirtemberg, and Dept. Yonne, France. 
Species perhaps also in the Rhaetic of France, Germany, and England (Z 
rheticm Sauvage). To the last species probably belong a neural arch and 
ischium named Rachitrema pellati Sauvage. 

Eurhinosaurus Abel. As Leptopterygius^ but upper jaw much longer .than 
the lower jaw and the teeth comparatively small and feeble, though extending 
the whole length of both jaws. E, lougirostris Jaeger sp., about 5 m. long. 
Upper Lias; Bavaria and Wiirtemberg, perhaps also Whitby. 

Nannopterygius F. von Hiione. Heads of each presacral rib well separated. 
Paddles very small. N, entheciodon Hulke sp. Kimmeridge Clay ; Dorset 
and Boulonnais. 

Platypterygius F. von Huene. Aptian ; Hanover. 

Cetarthrosaurus Seeley. Cambridge Greensand. 


Order 6. PLACODONTIA .1 

Primitive amphibious or aquatic reptiles, with short neck, small tail, and 
elongated paired limbs. Roofing hones of temporal region of skull forming a 
single broad arch ; quadrate fixed ; pterygoids ami palatines meeting in middle line ; 
vomer single. External nares separate, just in advance of orbits ; a large pineal 
foramen. Crushing teeth on palatines, maxillae, and dentaries. Vertebrae amphi- 
coelous ; e£rvical ribs doubledieaded, articulating with centrum and neural arch; 
dorsal ribs single-headed, articulating with neural arch ; a plastron of abdominal ribs. 
Scapulae tvell separated by a stout clavicular arch. The three pelvic hones entering 
the acetabulum ; puhis ami ischium platedike. Bony dermal armour extensive. 

Placodonts are known only from the marine Trias and Lias of Europe. 
They are remarkable for their peculiarly modified dentition, which is unparalleled 
among reptiles. The pavement-like crushing teeth, which were originally 
ascribed to fishes, attain considerable size, and exhibit flat or slightly arched 
crowns, usually dark-coloured in the fossils, and smooth or finely wrinkled. 
They are replaced by successional teeth developed beneath them. 

Placodus Agassiz {Anomosaurus F. v. Huene) (Figs. 388, 389). Skull 
longer than broad, superiorly arched, the snout somewhat produced. Pre- 
maxillae and symphysis of lower jaw with cylindro-conical incisors. On each 
palatine and dentary there are three nearly rectangular pavement teeth ; the 
maxilla has a single series of depressed, bean-shaped teeth. According to 

^ Broilif F.f Osteologie des Bchadels von Placodus. Palaeontograpliica, vol. lix., p, 147, 1912. 
— Ein neaer Placodontier aus dem Rhaet der bayerischen Alpen. Sitzb. Bay. Akad. Wiss., math.- 
phys. Cl., 1920, p. 311. — Drecernmnn, F., tTber Placodus. Centralbl. f. Min., etc., 1916, p. 402. 
-—Das Skelett der Placodontier. Palaeont. Zeitschr., vol. iv., p. 98, 1922. — Scbadel imd Untor- 
kiefer von Cyaimdus. Abhandl. Senckenberg. Naturf. Ges., vol. xxxviii., p. 291, 1924. — 
KdUiger, T., Zentralnervensystem von Placodus gigas Ag. Abhandl. Senckenberg. Natnrf. Ges., 
vol. xxxviii., p. 311, 1925. — Jiuene, F. von, Beptilien der Trias. Geol. u. Palaeont. Abhandl., 
n.f., vol. vi., p. 1, 1902. — Erganzangen zur Keuntnis dea Schadels von Placochdys und seiner 
Bedeutung. Geol. Hungarica, Ser. Palaeont., fane. 9, \^S\.—Jaekel, 0., Placockelys placodonta. 
Besult. wiss. Erforsch. Balatonsees, vol. i., p. 1, 1907. — Meyer, H, von, Uuterkiefer von Placodus 
mtdriani. Palaeontogr. , vol. x., p. 59, 1862; also vol. xi., 1863. — Omn, R., Description of the 
skull and teeth of Placodus UUieeps. Phil Trans. Boy. Soc., voL xlix., p. 169, 1858, — Ptycr, B., 
Placodowtia. Abh. Schweiz, Palaeont. Ges., vol. li., p. 1, 1932. 
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Drevermann, the vertebrae are deeply amphicoelous, eight in the neck, twenty 
in the trunk, six in the sacrum, and thirty to forty in the tail. The neural 
arches bear a zygosphene-zygantrum articulation. The dermal armour consists 
of small isolated bones. The greater part of a skeleton in the Senckenberg 
Museum, Frankfurt, was found in the Upper Muschelkalk near Heidelberg. 
P. giffiis Ag. has skull about 22 cm. in length. Detached teeth are abundant 


A B 



Pio. 388. 


Plar^his {fiffas Ag. Muschelkalk; Bayrouth, Gormaiiy. A, Palatal, and 
B, upper aspects <if skull ; C, oral, and D, lateral as{)ecta of mandible. 

Vs nat. size. 

in the Muschelkalk of Southern Germany and France, rare in the Welleii- 
dolomite and Alpine Keuper ; one in Lias of Tessin, Switzerland. 

Cyamodus H. v. Meyer. Skull triangular, snout much compressed. Each 
palatine bears a row of two or three rounded or elliptical crushing teeth, the 
hindmost at least twice the size of the anterior. The maxillary and pre> 
maxillary teeth are relatively small and few. Each dentary bears a large 
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tooth behind, two or three small teeth in front. C, rostratus Miinster sp., skull 
15 cm. long. Miischelkalk ; Bavaria. Also Tessin, Switzerland. 

Placocheli/s Jaekel (Fig. 390). Skull triangular, with very smalljlaterally 



Fio, ;^so. 


Placiuliinhitpsiceps ll. V. M»^yer. Siilo vi<*w of skull. MiischiOkalk ; 
Ikiyreuth. j 4, orbit ; jV, exLrnml luiiiiil opiwiiiig. i/3 nut. size(afl«*r 
n, von Meyer). 


compressed snout ; the hinder border of the sqnamosals })eiiring small dermal 
tubercles. Premaxillae and symphysis of lower jaw toothless, probably 



FiO. 3tK). 


riacochelys placodonta Jaekel. Left aide view of 
Hkull and mandible. Lower Keuper; Hungary, /f, 
l>oiiy bosses ; N, nusjil ; Na, narial opening ; t>, orbit ; 
Qj, quadrato-jugal ; S. temporal fo.ssa ; other letters 
as in Fig. 3t)7. i /3 nat. size (after Jaekel). 


covered in life by a horny sheath. 
Palatine with two, maxilla with three, 
dentary with two crushing teeth. Trunk 
short and broad. Dermal armour of 



conical bony tubercles, variable in size, closely pressed together, forming 
both a dorsal and a ventral shield. F, jplacodonta Jaekel, with skull about 
15 cm. in length. Lower Keuper; Vesprem, Plattensee, Hungary. Species 
also in Rhaetic of Bavarian Alps. 

Paraplacodns Peyer. M. Trias ; Tessin, Switzerland. 

Psephosaurus FrAdLS. Dermal shield. Lettenkohle ; Wiirtemberg, 

Saurosphargis Y o\z. Lower Muschelkalk ; Silesia. 

Psephoderma H. v. Meyer (Fig. 391). Dermal shield of polygonal plates. 
P. alpinum H. v. Meyer. Rhaetic ; Bavaria. Perhaps also in Lettenkohle of 
Wiirtemberg, Triassic of Lombardy, and Rhaetic of Aust Cliff, England. 


Order 7. SAUROPTBRYGIA. 

Primitive aquatic reptiles with short taU^ swimming with large paddle-shaped 
paired limbs. Hoofing hones of temporal region of skull contracting into a single 
broad arch; quadrate fixed. External nares separate, just in advance of the orbits; 
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a large pineal foramen ; vomer paired ; pterygohh meeting extmdreJy idmig the 
middle line. Teeth conical^ in separate sockets, in single series along margin of jaws. 
V'ertehrae amphiplatyan ; sacrum composed of two to six veriehrae. Cervical ribs 
articulating only with emir a, never with their arches; dorsal ribs single-headed, 
articulating only with 'neural arches ; abdominal ribs present between the robust limb 
arches. Scapulae with verdral extension ; cxyracoids large and in contact ; no ossified 
sternum. Limbs more or less paddle-shaped, with five digits which are 'usually 
elongated •with supernumerary phalanges. No dermal armour. 

The Sauropterygians range from the Trias of Europe and Asia to the 
Upper Cretaceous of many parts of the world. The earlier forms are mostly 
small amphibious animals with slender, elongated limbs ; the later forms are 
comparatively large (even 13 metres in length) and completely adapted for 
marine life. Some may have existed in freshwaters, and a few are known to 
have frequented estuaries, but the majority must have lived in shallow seas 
and the open ocean. Their stomach contents show that they fed chiefly on 
fishes or small reptiles, cuttle-fishes and other molluscs. Like the existing 
crocodiles, they swallowed stones to assist digestion (gastroliths).^ 

The Sauropterygians evidently evolved from laiid animals, and the imper- 
fectly known Trarhelosaurns Broili, from the Bunter Sandstone of Bernburg, 
may be one of the links. In this genus the neural arches are fused with the 
centra in the cervical and anterior dorsal vertebrae, and the ilium is that of a 
land animal. The neck is much elongated. The Triassic Tanystroplieus R. von 
Meyer (see p. 270) and Askeptosaurus Nopesa may be other links. 

Sub-Order 1. NOTHOSAURIA." 

Crawling or swimming reptiles. Sca 2 mlae well separated by a slmd clavicular 
arch. The three pelvic bones entering the acefabulum. Him crus with eniepicondylar 
foramen or groove ; radius and ultui {tibia and fibula) elongated but slmrter than 
the humerus {femur) ; the five digits with normal number of jihalanges and 
apparently claws. Feet probably webbed only. 

Family 1. Nothosauridae. 

No vacuity between pterygoid bones in palate ; teeth sometimes on palate. Neck 
elongated. Coracoids 'not much exteruled along their median symphysis. Limbs com- 
2 )aratively slender, of nearly equal size. Triassic. 

Nothosaurus Munster (Figs. 392-395). The skull (Fig. 392) is elongated 
and somewhat contracted anteriorly, 35 cm. to 1 m. long. The supratemporal 
vacuities are very large, the unpaired parietal being reduced to a narrow bar, 

^ Brown, B., Science, n.s., vol. xix., p. 184, 1904. — Janensch, IF., Ein Plesiosaurier-Rest mit 
Magensteinen. Sitzb. Ges. natiirf. Freunde, Berlin, 1928, p. 89. — Wivian^ C., Blocktraiisport geuom 
Saiirier. Geol. Pdren. Fdrhandl., vol. xxxviii., p. 369, 1916. 

^ ArthaJber, G. von, Phylogeiiie der Notbosaurier. Acta Zoologica, vol. v., p. 439, 1924. — 
Boulenger, Q. A., Lftriosaurus. Trans. Zool. Soc. Loud., vol. xiv., p. 1, 1896. — Broili, F., 
Sauropterygier \^lihMiconia\ aus deii Arlbergschicliten. Sitzb. Bayer. Akad. Wiss., niath.-naturw., 
Abth., 1927, p. 205. — Broili, F., and Fischer, E., Trachelosaurus fischeri. Jabrb. k. preuss. 
geol. Landesanst. Berlin, vol. xxxvii., p. 359, 1917.— Davies, IF., Anarosaurus ptimilio. Zeitschr. 
Deutsch. Geol. Ges., vol. xlii., p. 74, 1890. — Deecke, TF., Lariosaurus iiiid einige andere Saurier der 
lorubardisohen Trias, Zeitschr. Deutsch. Geol. Ges., vol. xxxviii., p. 170, 1886. — Edinger, T., 
Nothosaurus. \. Schadelhohle. Senckenbergiana, vol. iii., p. 121, 1921. — 2. Gaumenfrage. Loc. 
cU,, p. 193, 1921. — 3. Scliadelfund ira Keuper. IjOC. cit., vol. iv., p. 37, 1922. — Fritsch, K. von, 
Saurier des Halle’schen unteren Muschelkalkes. Abhaiidl. Naturf. Ges. Halle, vol. xx., p. 271, 
1894, — Qeissler, O., Neue Saurierfunde aus dera Muschelkalke' von Bayreuth. Zeitschr. Deutsch. 
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pierced posteriorly by a pineal foramen. The orbits are oval, relatively 
small, and placed slightly in front of the middle ; not far removed from them 
are the external nares. The unpaired frontal is much elongated, the pre- 
maxillae only moderately so, and the prefrontals are small and triangular. 


.4 


11 



Fk5. 892. 


Nothosauruit mirnhilis Miinster. Skull, sliglitly reKtored, 1 / 4 - Muschnlkalk; Bay- 
reuth, Germany. A, Dorsal a>ia<ct (after Quenstedt). Ji, Lateral aspect. C, J*HlaUl 
aspect (after v. Meyer). D, Twith, nat, Mi/.e. A, orbit; awj, angular; art, surangular ; 
bS, basioceipital condyle ; Ch, internal nares ; d, deiitai'y ; Fr, frontal ; (i, infrateniiK)ial 
vacuity ; jugal ; k, articular ; Md, mandible ; Mr, maxilla ; N, external imrfal oi^ninst ; 
JVo, nasal ; /'a, ijarietal ; PI, palatine; Pmx, iiremaxilla; Prf, prefnmUl ; /Y, pterygoid, 
bounder! in front by vomer (suture n(tt shown) ; Ptf, postfr^mtal ; QuJ, quaurato-jugnl 
fused with squamosal and supra temjxjral ; i’, supratemijoral vacuity. 





Fio. 393. 

Cervical vertt'bra, 
nat. size, of siiecios 
shown in Fig. 392. 
A, B, Dorsal and 
lateral aspects. 


The long and narrow maxillae unite posteriorly with a slender jugal, which 
enters into the temporal arch. Pterygoids and palatines are strongly 
developed, without teeth; there are no suborbital vacuities; the internal 


Geol. Ges., vol. xlvii., p, 331, 1895. — O'drich, G,, Einige Sanrier des obersclilesischen Muscliel- 
kalkes. Zeitscbr. Deutsch. Geol. Ges., vol. xxxvi., p. 125, 1884. — Jlactylosaurm. Loc, cU., vol, 
xxxviii., p. 457, 3886. — Huene, F. Slmosaurus. Zeit-schr. f, Abstamm. u. Vererbnngslebre, 
vol. xxiii., p. 206, 1920, and Acta Zoologica, 1921, p. *10\.—Jae.kel^ 0,, Sch^Ielbau der Notlio- 
sauriden. Sitzungsb. Ges. naturf. Preunde, Berlin, 1905, p. 60, — Kok&n, K,, Nothomnrus* 25eit8chr. 
Deutsch. GeoL Ges., vol. xlv., p. 337, 1893. — Kunisch, £[., Saurierplatte aus dem oberscblesiscben 
Muschelkalk. Zeitschr. Dentsch. Geol. Ges., vol. xl., p. 671, 1888. — Meyer, //. von, Fauna dor 
Vorwelt, vol. ii,, 1847-55.— iVbjocaa, F., Some Nothosaurian Reptiles from the Trias. Geologica 
Hungarioa, Ser. Palaeont, vol. i., p. 20, 1928. — Peyer, B., CereHosaurus. Abb. Schweiz. Palaeont. 
Ges. , vol. 11, 1931. — Pachypleurosaurus. Loc. cU., vol. Hi. , 1932.— A., Nothosauriden 
des unteren Muschelkalkes in Oberschlesien. Zeitschr. Deutsch. Geol. Ges., vol. H., p. 388, 1899. 
— Schroeder, H,, Wirbeltiere der Rildersdorfer Trias. Abbandl. k. preuss. geol. Landesanst., n. f., 
pt 66, 1914. — Schmter, and Bloch, It, Unterkiefer von Nothoaaurus raM. Centralbl. f. Min., 
etc., 1925, Abt. B, p, 60. — Seeley, H. Q.,N’evsti<F)saurua jpuaitliieWveeA, Quart. Jonm. Geol. Soc., 
voL xxxviii., p. 350, 1882, — Volz^ W., Pronei^ticosanrua. Palaeontogr., vol, xlix., p. 120, 1902. 
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nares are placed far forwards on either side of the paired vomer. A single 
series .of conical, slightly curved, and striated teeth (Fig. 392, D) is borne 
by the maxillae, premaxillae, and dentary. All of the rostral and one or 
two of the anterior maxillary teeth arc considerably enlarged. 

Owing to the sutural union between the vertebral centra and their neural 



arches, the former are usually found detached in the fossil state, and exhibit 
a cruciform impression on the dorsal surface (Fig. 393). There are about 
twenty cervicals (Fig. 394), all of which, excepting atlas and axis, bear short, 
curved, double-headed ribs. 


In 


the 


with 

and 

The 

The 


the trunk region 
neural spines are more 
strongly developed, 
transverse processes 
small zygapophyses. 
sacrum is unknown, 
caudal vertebrae have single- 
headed ribs attached to their 
centra, and also small chevron 
bones. The abdominal ribs 
comprise a median longi- 
tudinal series sharply bent 
in the middle line, and a 
paired lateral series. 

In the pectoral arch 
(Fig. 395) the clavicles (cl) 
are well developed, and form 
a regular arch into which a 
small, oval interclavicle (H) 
enters. The etids of the 
clavicular arch are suturally 

united with a pair of stout scapulae, which have oblique dorsal processes. 
The coracoids are not much extended in the median line, and their antero- 
internal margin is notched and incomplete ; apparently they were capped by 



Fi(^. 3<)5. 

Nolhasaurtts mirabilis MUiiKtei*. Dorsal aspect of pectoral arch. 
Muachclkalk ; Hayreuth. cl, clavicle ; wr, coracoid ; icl^ iiii^jr- 
clavicle ; ac, acapiUa. Vs nat. size. 
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cartilage. The humerus is moderately long, curved, and very robust ; it 
is pierced distally by an eiitepicondylar foramen. Radius, ulna, and nieta- 
carpals are likewise rather long and slender, the jmddle- shaped form of limb 
being not yet fully acquired. 

The bones of the pelvic arch are robust, and, owing to their loose 
articulation, usually occur detached iu the fossil state. The ilium is vei^ 
short and stout, somewhat expanded distally, and provided with two articular 
facets. Pubis and ischium are both of large size, narrowed and thickened at 
the acetabulum, and distally expanded ; a small ischio-pubic fenestra in the 
pelvis. The femur is longer and more slender than the humerus, nearly 
straight, moderately thickened at the extremities, and with rounded articular 
faces. The remaining bones of the hind limb are imperfectly known. 



Fi«5. 396. 


Simamnrus (jaillardoti H. von M«y»‘r. Skull from ;ilK)ve (.() and in palatal aspect (/I). Upper Mnschelkalk ; 
CrailHheim, WUrtemberK. Bo, basiocciijitjil ; /*.’•*, exoccIpiUil ; F, ; Fji, pineal fonimeii ; J, jugal ; Mx, 

maxilla; JV, nasal; Fa, external naiinl oiK'uing; 0, orbit; Op, upistbotlc; /', imietal ; /’«, iNilaline; Pmx, 
premaxilla ; Bn, poetimsal or adlacbryinal ; Vu, postorbilal ; Pi-J, lacliryniul or prefrontiil ; I't, pt(‘rygoid ; 
Ft/, postfrontal ; Q, quadrate ; N, t^einporal fossa ; So, supriuKjeipItal ; St], squamosal ; Tr, transverse ; T, vomer. 
i/i 5 nat. size (alter Jaekel), See also tigs, by F. von Huene, Acta Zoologica, 1921, pp. 20o, 207, etc. 


Noihosaurus is an exclusively Triassic genus, and occurs most abundantly 
in the Mnschelkalk of Southern Germany. N. mirabilis Munster is the 
typical and best-known species, attaining a length of 3 m. Smaller species 
are found in the Buntsandstein and Lettenkohle. A single Nothosaurian 
humerus is known from the Trias near the Dead Sea in Trans- Jordan ia 
(C. W. Andrews, Ann. Mag. Nat. Hist, [9], vol. xiv., p. 89, 1924). 
Germanosaurus Nopesa {Eurysaurus Freeh nec Gaudry) seems to have paired 
frontal bones, but otherwise resembles Noihosaurus, 

Lamprosaurus^ Opeosaurus, Conchiosaurus v. Meyer. Mnschelkalk. 

Simosaurus v. Meyer (Fig. 396). Skull broad and depressed, with obtuse 
snout. Teeth short, obtusely conical or clavate, the crown strongly striated. 
Upper Mnschelkalk and Lettenkohle. 

Pistosaurus v. Meyer. Known only by the skull, which tapers anteriorly, 
and attains a length of 35 cm. Premaxillae elongate and slender, the small 
narial openings placed between them and the maxillae. Nasals greatly 
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reduced and displaced posteriorly. Palate with an unpaired vacuity between 
the premaxillae. Muschelkalk ; Franconia and Silesia. 

Dactylosaurus Glirich, Anarosaurtbs Dames, Cffmatomunts K. v. Fritsch, 
Froneusticosaurus Volz {Dolichovertehra v, Huene). Muschelkalk ; Silesia, 
Saxony, and Thuringia. 

Pachyplearosaurus Broili {Pachy pleura Goriialia). About sixteen cervical 


vei'tebrae, twenty dorsals, three sacrals, and 
nearly forty caudals. P. edwardsi Corn., about 
40 cm. long. Middle Trias; Besauo, Lombardy, 
and Tessin, SwitzerhiTid. 

Neudkosaurus Seeley, liesembling Pachy- 
pleuroHinrus, hut with more slender trunk, 
shorter tiul, and more slender femur. iV. 
pusilluH Fra, as sj). Lettenkohle (Upper Triassic) ; 
Hohencck. 

Mammieromurus Curioni. Middle Triassic ; 
Perledo. 

Rhaeticonia Broili. Premaxillary teeth rela- 
tively large aiid bent outwards ; length of skull 
exceeding half that of the neck. About eighteen 
cervical, twenty-one dorsal, and thirty caudal 
vertebrae. Ribs much thickened. R. rothpletzi 
Broili, about 30 cm. long. Middle Triassic ; 
Vorarlberg. 

Paiia nomurV'Sj Microleplofiaarus Skuphos. 
Middle Triassic ; yorarl})erg. Ceresiosaurtis 
Peyer. Triassic ; Switzerland. 

Lariosaurm Curiotii (Fig. 397), Body lizard- 
like, tail forming about one-third the total length. 
There are about twenty cervical vertebrae, over 
twenty dorsals, five sacrals, and over forty 
caudals. Cervical ribs small and double-headed ; 
dorsal ribs very robust. A median longitudinal 
and two paired lateral series of abdominal ribs. 
Two large proximal carpals and tarsals, the 
distal five each supporting a digit. Phalangeal 
formula of hand, 2, 3, 4, 4, 3. Hind limb 



'Fig. 3 {> 7 . 


longer and stouter than the anterior, but other- Larioivturus hihumi curioni. skeleton, 
Wise very similar ; phalangeal formula 2, 3, 4, Lake Como, i^omixirdy. Vio »at. size. 

5, 4. Palate with suborbital and infratemporal 

vacuities; a row of teeth on the pterygoid. L, balsarni Cur. (Fig. 397), nearly 
a metre in length. Middle Triassic ; Perledo, Lake Como, Italy. 

Phygosaurus v. Arthaber. Resembling LariosauruSf but more slender trunk 
with less thickened ribs and only three sacral vertebrae. P. perledicus v. Arth,, 
about 7 5 cm. in length. Middle Triassic ; Perledo. 

Psilotrachelosaimis Nopcsa. Middle Triassic ; Toplitsch, Austria. 

Pontopus Nopcsa. Footprints showing web between toes. Keuper; 
Cheshire. 
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Sub-Order 2. PLESIOSAUBIA.^ 

Swimming reptiles. Inierpterygoid vacuity or vacMities in palate. Scapulae with 
the ventral extensions tending to replace the clavicular arch. Ilium displaced hack- 
wards^ articulating only with ischium. Humerus without entepimidylar foramen; 
radius and ulna {tibia and fibula) much shortened ; the five digits elmgated by 
supernumerary phalanges and united in a paddle. 

A peculiar pyritous concretion from the Upper Lias of Whitby is 
interpreted by Seeley as a mass of embryos of a Plesiosaur, indicating 
that these reptiles were viviparous. 

Family 1 . Plesiosauridae. 

Head small ; neck elongated ; cervical ribs stout and doable-headed. Clavicular arch 
tending to diminish in size as the scapulae increase^ the latter sometimes becoming 
fused with each othen' and the coracoids in the median line. Coracoids much extended 
along median symphysis. liadius and ulmi {tibia and fibula) longer than broad. 
Fore limb at least as large as hind limb. Upper Triass ic and Lower Jurassic. 

Plesiosaurus Conybeare (Figs. 398-400). .Head small, neck very long. 
Snout not elongated, orbits elliptical and placed near the middle of the 

^ Andrews^ C. tV'., Development of the Sliouhler-ginlle of a Plesiosaur {Oryptoclidus o.i‘onUusis). 
Aim, Mag. Nat. Hist. [6], vol. xv., p. 333, 1895. — Skull in Pelonmistt^s philarchu.s. Loc. cU.^ vol. 
xvi., p. 242, 1895. — Plesiosauriau Skull. Quart. Journ. Geol. Soc., vol. Hi., p. 248, 1896. —Skull 
of a Pliosaur. Loc. cit.y vol. liii., p. 177, 1897. — Skeleton of Peloneustes philarchus. Geol. Mag, 
[5], vol. vii., p. 110, 1910. — New Plesiosaur {Plesiosaurus iufpc.nsis sp. nov. ) from the Uiteuliage 
Beds of Cape Colony. Ann. S. African Mus., vol. vii., p. 309, 19 11.— Catalogue of Marine lieptiles 
of Oxford Clay, BriL Mus., pts. i. ii., 1910, 1913 . — Rhonadeosaurus thoi ntoui sp. nov. Ann. Mag. 
Nat. Hist. [9J, vol. x., p. 407, 1922. — New Plesiosaur from the Weald Clay. Quart. Journ. Geol. 
Soc., vol. Ixxviii., p. 285, 1922. — liogolubow^ N. N.^ Ide.siosaurians in Russia [in Russian, with biblio- 
graphy and plates]. Mem. Imp. Univ. Moscow, vol. xxix., 1911. — Hrandes^ T., Plesiosauriden 
aus dem unteren Lias von Halherstadt. Palaeontogr., vol. Ixi., p. 41, 1914. — Lroili, Plesio- 

aaurierreste von der Insel Quinquina. Neues Jahrb. f. Min., etc., Beil.-Bd. Ixiii., Abt. B, p. 497, 
1930. — Gope^ £. />., Structure of the Skull in the Plesiosauriau Reptilia. Proc. Arner. Phil. Soc., 
1894, p. 109. — Dames, IF., Ple.siosaurier der sihldeutschen Liasformatiou. Abhandl. k. preuss. 
Akad. Wisa., Jahr 1895, p. 1, 1896. — Deecke, IF., Saurierreste aus den Quiriquina-Schichten in 
Chile. Neues Jahrb. f. Min., etc., Beil.-Bd. x., p. 32, 1895. — Fraas, E., Plesiosaurier aus dem 
oberen Lias von Holzmaden. Palaeontogr., vol. Ivii., p. 105, 1910. — Huene, F. vioi, Ein neuer 
Plesio-saurier aus dem oberen Lias Wurt tern bergs. Jaliresh. Vereins f. vaterl. Naturk. Wiirtt., vol. 
79, p. 1, 1923. — Hulke, ./. VF., Shoulder Girdle in Ichthyosauria and Sauro pterygia. Proc. Roy. 
Soc., vol. lii., p. 233, 1892. — Knight, IF. C., New Jurassic Vertebrates from Wyoming. Arner. 
Journ. Sci. [4], vol. v., p, 186, 1898. — E., Muraenosaurus. Neues Jahrb. f. Min,, etc., 
1913, vol. i., p. 101. — Linder, 11., Pdone.mtes wwd Plimaurm. Geol. ii. Pabieoiit. Abhandl., n.f., 
vol. xi., p. 337, 1913. — MeM, M. Q., American Jura-ssic Plesiosaurs. Journ. Geol., vol. xx., p. 
344, 1912. — (hmn, R., Reptilia of the Lia.ssic Formations. Mon. Palaeontograph. Soc., 1866. — 
Reptilia of the Cretaceous Formations. Loc. cM., 1 851-64. — Ricibinm, A., Zwei Plesiosaurier aus 
den Jura- und Kreide-Ablag. Russlands. Mein. Com. Geol. St. Petersb., n.s., livr. 48, 1908. — 
iSeeley, II. O., Shoulder Girdle and Clavicular Arch in Sauropterygia. Proc. Roy. Soc., vol. li., p. 
119, 1892. Also loc. cU., vol. liv., p. 149, 1893. — Pyritous Concretion from Lias of Whitby . . , 
Embryos of Plesiosaurus. Ann. Rep. Yorks. Phil, hoc., 1895, p. 20. — SAmcUU, IF. R., Apracto- 
deidus teretipes. Trans. Roy. Soc. Edinb., vol. li., p. 609, 1917. — Rollas, W. New Species of 
Plesiosaurus from Lower Lias of Channouth. Quart Journ. Geol. Soc., vol. xxxvii., p. 440, 1881. 
— Watson. I). M. S., Two New Genera of Upper Liassic Plesiosaurs. Mem. and P*roc. Manchester 
Lit and Phil. Soc., vol. liv., no. 4, 1909. Also loc, ciL, no. 11, 1910.— The Elasmosaurid Shoulder- 
Girdle and Fore- Limb. Proc, Zool. Soc,, 1924, p. 885. — Wegner, T., Brancasaurus brancai. 
Branca-Festsohrift, Berlin, p. 235, 1914 [Bibliography]. — Williston, k W., North American Plesio- 
saurs. Part T. Field Columbian Museum, puVd. 73, 1903. — Rlasmt^sautus, Cimoliasaurus, and 
Polycotylus. Arner. Journ. Sci. [4], vol. xxl., p, 221, 1906. — Skull of Jlroichaucheftiius, with 
Observations on the Relationships of the Plesiosaurs. Proc. U.8. Nat Mus., vol, xxxii.« p. 477» 
1901 .^Triwwrom&rum, Journ, Geol., vol. xvi,, p. 715, 1908. 
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skull, supratemporal vacuities large, irregular. In ter pterygoid and sub- 
orbital vacuities small. Mandibular symphysis short. Teeth acutely conical, 
longitudinally grooved ; anterior teeth somewhat enlarged. Scapulae separ- 



ated by a well -developed 
clavicular arch ; interclavicle 
longer than broad. 

The number of cervical 
vertebrae varies among the 
different species between 
thirty and forty. The centra 


are but slightly biconcave. 



Kid. 898. 

Plpfiiumuruii macrot’£phaliifi Ovfen. vl,Lut«ral; /i, SuiM^iior ; C, Palatal 
aspects of Hku II. Lower Lias; Lyme Regis, Dorset, augular; ait, 
articular ; Ikhv, tiasioccipitnl ; basisphenoid ; deiitaiy ; erpi, t^raiis* 
verse or ectopterygoi<l ; Jr, Irontal ; ipt, iuterpterygoid vacuity ; j, jugal ; 


and united to the neural 
arches by suture. Except 
the atlas and axis, all the 
cervicals bear short, double- 
headed ribs, attached 


id 



vix, maxilla ; war, oxt<5rnul narial opening ; orh^ orbit ; j^a, ixirietal ; pu.-?, p oqq 

paraspbenoid ; pin, i»iiieal foramen ; ]d, jMilatine; pmx, premaxilla ; prf, ’ 

prefrontal ; pt, pterygoid ; pt.nar, p(xsterior imres ; pt/, postfrontal ; pU), Plesiosaur us latireps Owen, 
liostorbital ; f/j, quadmto-jugal ; <■/«, quadrate ; «, auiirateinisn-al vacuity ; Pectoial arch, vential asiiect. 

sag, surangular; so, guburbitji vacuity; s<f, squamosal; st, sniuatcni- Lower Lias; Dorset, d, clavicle; 

IMiral or prosquamosal ; v, vomer. V« size .(fi'om Wootiward, after cor, coracoid; id., interclavlclo ; ir, 
Andrtiws). scapula. Vio 


directly to the centra. There are about twenty dorsal vertebrae with well- 
developed transverse processes. The two sacral vertebrae are characterised 
by having somewhat shorter transverse processes and broader ribs than the 
rest. There are between thirty and forty caudals, most of which bear short, 
single-headed ribs articulated with their centra, and chevron bones of which 
the right and left halves do not fuse below. The abdominal ribs are very 
robust, in a median and three paired lateral series. 

In the pectoral arch (Fig. 399) the coracoids are considerably longer than 
broad, and joined in a long median symphysis. The clavicular arch, though 
still showing the limits of the clavicles and interclavicle, is represented by a 
single, broad, bilaterally symmetrical bone to which the coracoids and scapulae 
are firmly united. The latter are only slightly extended ventrally underneath 
the clavicular arch. 
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The humerus is robust and distally much expanded, but without epicondylar 
foramen or groove. This bone and the femur are noteworthy as exhibiting 
large, conical ‘‘ epiphyses ” similar to those of frogs, certain Chelonians, 



Fin. 400. 


and young pigeons.' The radius 
and ulna are both a little longer 
than broad. Four elements are 
usually present in the proximal, 
and three in the distal row of the 
carpus ; the five constricted meta- 
carpals are siinilai’ in form to the 
phalanges. The phalangeal formula 
is inconstant, but the third and 
fourth digits are always the longest, 
sometimes comprising as many as 
nine phalanges. The hind limb 
differs in no respect from the fore, 
except that it is slightly stouter. 
The pubes are relatively large, 
with convex anterior and notched 
])Osterior margin, but not pierced 
by a foramen. They meet, as do 
also the much smaller ischia, in a 
long merlian symphysis. The ilium 
is slender. 

Several nearly })erfect skeletons 
of Plesiosaurus are known from the 
Lower and Upper Lias of England 
and Germany, and supposed frag- 
ments occur in the Muschelkalk, 
Upper Keuper, and Khaetic. The 
typical species, P. doliclmieirus 
Conybeare (Fig. 400), from the 
Lower Lias of Lyme Regis, Eng- 
land, attains a total length of 3 m. 
Among other species from the same 
locality, P. conyhearei Sol las attains 
a length of 5 m. Beautiful skele- 
tons are preserved in the British, 
Berlin, and Stuttgart Museums. 
P. guilelmi imperatoris Dames, from 
Upper Lias, Holzmaden, Wurtem- 


Plemosaurns dolich.odleii'us Coiiyb. Skeleton, ventral 
aspect. Low er Lias ; Lyme^Regis, Doi'Het. 1/23 nat. aize 
(after Hawkins). 


berg, over 3 m. in length. 

Eurycleidm Andrews. Stouter 
neck than in PlesiosauruSy and inter- 


clavicle broader than long. E, aremtus Owen sp. and E. megacephalus Stutch- 
bury sp. Lower Lias ; Somerset. E. victor Fraas sp., 3*5 m. long. Upper Lias ; 
Holzmaden, Wiirtemberg. 

Eretmosaurus Seeley. Coracoids truncated anteriorly, and not extending in 


’ Moodie, R. L., Reptilian Epiphyses. Araer. Journ. Anat., vol, vii., p. 443, 1908.— JParsons, 
F, (?., On Pressure Epiphyses. Joum. Anat. and Physiol., vol. xxxix., p. 402, 1905. 
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front of the glenoid cavity for the humerus. Scapulae extending downward 
and inward so as to become fused with each other and also with coracoids 
in the median line. Clavicular arch degenerate. E. nigoHns Owen sp. Lower 
Lias ; England. 

Macroplata Swinton. Lower Lias ; Warwickshire. 

Microdeidus 'Atmn. Much resembling AVe/mrJsawrws, but 
with very high neural spines in dorsal vertebrae. No inter- 
clavicle. M. homalospondylns Owen sp. Upper Lias ; Whitby. 

Sthenarosaurus Watson. Upper Lias ; Whitby. 

Thaumatomnra^i H. von Meyer. Indeterminable vertebrae 
from the Middle Brown Jura of Neuffen, Wiirtemberg. 


P'amily 2. Plioeaxiridae. 

Head large ; neck short ; cervical ribs stout and mostly double- iBf . A 
headed. Scapulae separated by small clavicular arch; coracoids )' j 

much extended along median symphysis. Pelvis very large, lladius ' wiJli 

and 111 uu (tibia and fibula) very short and broad. Fore paddles fejB 

usually smaller than hind paddles. Jurassic. 

lihomaleosaurus Seeley. About fifteen cervical vertebrae, 

8 ! with base of neural arch extending fc 

along whole length of centrum, and 
zygapophysial facets horizontal. 

About twenty-five dorsal and four or 
five sacral vertebrae ; sacral ribs very fig. 40 i. 
strong, and two articulating closely rwmurm grandis 
with the ilium. Humerus larger than 
femur. Ischium truncated behind. P. V 4 nfit- O*^*'^*’* 
* cramjdoni Carte and Baily sp. and ' 

IL thorntoni Andrews, both 6 or 7 m. in length. English 
Upper Lias. 

Pliosaurus Owen (Ischyrodon H. v. Meyer ; Spon- 
dylosaurus Fischer; Liopleurodori Sauvage) (Fig. 401). 
Skull with snout a little elongated and mandibular 
symphysis extending to about the seventh tooth. 
Flu. 402 . *** Conical teeth (Fig. 401) with the crown bearing numer- 

Peioimmus phiJarehns Seeley OU8 Vertical ridgcs, and the root very large wuth pulp 
p5uWie*'"™oi(ird“"oi.yf j-etM? cavity opeii below. About twenty-three cervical and 
/♦ ’ twenty-four dorsal vertebrae. Bones very dense in 

^6, tilnilare ; hejifl of humenis ^ n t 

and feimir ; fcuw, humerus ; iwt, young, of loosc texture in ad 111 t. P. gvandis Owen. 

'iw"’ubwe| Kimmei’idge Clay ; England. P. ferox Sauvage sp., 
Amirews)^^^^ skull about 1-5 m. ill length. Oxford Clay ; Eng- 

land and N. France. J urassic ; Russia. 


Simokstes Andrews. Skull short and broad, mandibular symphysis short, 
llumei us shorter than femur. S, vorar. Andrews, with skull 73 cm. in length, 
Oxford Clay ; Peterborough. 

Feloneustes Lydekker (Fig. 402). Skull elongated, the premaxillae bear- 
ing about six pairs of teeth ; mandibular symphysis much elongated with 
twelve to fifteen pairs of teeth. P, philarchus Seeley sp., known by nearly 
complete skeletons about 3 m. in length from the Oxford Clay, Peterborough. 
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? Megalmusaurus Knight. Largest known Plesiosaurian, the humerus 
attaining a length of 1 m., or about one-half the length of the entire fore 
limb, and articulating only with the radius and ulna. The latter bones are 
polygonal and closely applied against each other and the three proximal 
carpals. Coracoids produced in front of the glenoid cavity ; vertebrae 
elongated, il/. Knight. U pper J urassic ; Wyoming. 

Family 3. Elasmosauridae. 

Head small ; neck elongated, sometimes excessively so ; cervical rihs with single 
head. Scapulae usually meeting in middle lin-e,, and clavicular arch then reduced ; 
coracoids much extended along median symphysis. Radius and ulna {tibia and 
fibula) so much shortened as to resemble carpal and tarsal bones. Middle Jurassic 
to Upper Cretaceous. 

Muraenosaurus Seeley. Head very small, short and broad. Neck of forty- 
four vertebrae. Interclavicle large, but clavicles reduced ; an interscapular 
foramen. Fore limb a little laiger than hind limb, 
and humerus not much expanded distally. M. leedsi 
Seeley, about 6 m. in length, and other species in the 
English Oxford Clay. Perhaps also Russia and Wyo- 
ming. 

Ficrocleidus Andrews. Comparatively small species 
with about forty cervical vert ebrac, which are shorter 
than in Muraenosaurus, longer than in Cryptocleidus. 
Small arrow-head shaped in ter clavicle, rudimentary 
clavicles. Oxford Clay ; Peterborough. 

Triclcidus Andrews. Pterygoids with large processes 
for union with basis cranii. Large broad interclavicle, 
small clavicles. Humerus articulating distally with 
liSIK radius, ulna, pisiform, and postaxial accessory bone. 
ijHtored. Upper CYeUceons ; p secleui Audrcws, a Small species from the Oxford 

Kansas. vor, coracoid; at, y ’ -iir ^ • 

scapula. Much reduced (after Olay of Peterborough. ? A\ yoming. 

Cryptocleidus Seeley. Skull about a quarter as long 
as the neck, which includes about thirty-two vertebrae. Interclavicle rudi- 
mentary or absent, clavicles triangular and meeting in median symphysis ; no 
interscapular foramen. Humerus much expanded distally, and articulating 
with radius, ulna, and postaxial accessory bone. C. oxoniensis Phillips sp., 
3 m. to 4 ra. in length, from English Oxford Clay. C. simhirskensis 
Bogolubow. Callovian ; Simbirsk, Russia. Apractocleidus Smellie is essenti- 
ally similar. 

Colymhosau/rus Seeley. Kimmeridge Clay ; Ely. 

Leptodeidus Andrews. A small probably freshwater Elasmosaurian with 
relatively large clavicular arch, the interclavicle broad. Humerus articulating 
only with radius and ulna. Hard discs between vertebrae at base of neck. 
L. superstes Andrews. Wealden ; Sussex. Plesiosaurus capensis Andrews, 
represented by a skull, vertebrae, and some limb-bones from the Uitenhage 
Beds of Cape Colony, belongs to an allied genus. 

Brancasaurus Wegner. Wealden ; Westphalia. 

Elasvnosau/rus Cope (Fig. 403). Neck very long and slender, with about 
seventy vertebrae ; neural arches fused with centra. E. platyurus Cope, about 
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13 m. long, from Upper Cretiiceous, Kansas. Probably other species also in 
Russia, Australia, and New Zealand. 

Fragments from the Cretaceous of North and South America, Europe, 
arid New Zealand have been named Cimoliasaurus, Discosaurnsj Brimosaurus^ 
PiratosaiiruSy Oligosimns Leidy, Ttvphrosanrns, Uronautes, OrophosoMrus, Pipto- 
merus, Emhaphias Cope, and Mauisaurus Hector. Also undetermined fragments 
in the Cretaceous of Japan. 


Family 4. Polyootylidae. 

Head large, at least as long as neck ; cervical ribs with single head. 
Scapulae separated by clavicular arch. Pelvis large, with elmigated ischia. Padius 
and ulna (tibia and fibula) very short. Upper Creta- 
ceous. 

Trinacromerum (h’agin (Dolichorhyn chops Willis- 
ton) (Fig. 404). Head long, snout very slender; 
mandibular symphysis much elongated ; teeth small, 
numerous, uniform ; jiosterior nares small, included 
between vomer and palatines ; pterygoids contiguous 
only at extremities. Neck shorter than head ; axis 
with ribs; nineteen cervicalsand about thirty dorsals. 

Humerus and femur moderately ex- 
panded ; three propodials. Known 
by a nearly complete skeleton 
about 3 m. in length from the 
Niobrara Cretaceous of Kansas. 

Pohjcotylns Cope. Over twenty 
cervical vertebrae and about thirty 
dorsals, much resembling Trinacro- 
merum. Kansas. 

Brachauchenius Williston ; Ogmodirus Williston and 
Moodie. Cretaceous ; Kansas. Leurospondylus Brown. 
Edmonton Cretaceous ; Alberta, Canada. Kronosaurus Long- 
man. Lower Cretaceous ; Queensland. 

Polypi yelwdon Owen (Fig. 405). Imperfectly known, 
teeth resembling those of Pliosaurus, but with more prominent 
coronal ridges, some of which extend to the apex. Upper 
Cretaceous ; England, Germany, and Russia. 




Vui. 404 . 

Trimirrumermn oshorni ‘VVilliHton. 
Pftivi.s, from belt)W. Upprr Ci'tt* 
taceous ; Khiishk. il, ilittm ; is, 
iHchiiiin ; p, imbiK. Much reduced 
(»ifU*r Williston). 


Fio. 40.'). 


Polfptychodim inter- 
ruptus Owen. T(X)th, 
ii»t. size. Ceiionmuiaii ; 
Kolhoirn, Davaria. 


Order 8. OHBLONIA. (Testvdinata.) ^ 

Cranial roof primitively continuous over temporal region, hut this region often 
more or less exposed by emargination of roof from behind or from the outer lateral 

^ Aummn, L. vm, Schildkrdten aus dem Regeiislmrger firaunkohlenton. 12. Jahresb. naturwiss. 
Ver. Regensburg, p. 1, 1911. — Baur, Q., Osteologisclie Notizen iiber Ri?,i»tilien. Zool. Anz.. vol. ix., 
p. 733, 1886. — Loc. cit., vol. xi., pp. 417, f>92, 1888 ; and vol. xii., p. 40, 1889. — Notes on some 
little known American fossil Tortoises. Proo. Acad. Nat. Sci. Philatlelpbia, p. 411, 1891. — Berner- 
kungen iiber die Phjdogenic der Schildkrdten. Anat, Anz., vol. xii., p. 561, 1896. — B&uXmger, Q. A 
Catalogue of Cbelonians in the British Museum. London, 1889.-— Co/rer, R. E., Diversity in the 
Scutes of Chelonia. Journ. Morphol., vol. xxi., p, 1, 1910. — Cope, K. I)., The Reptiles of the 
American Eocene. Amer. Nat., vol. xvi., p. 979, 1882. — Loc. cU., vol. xxx., p. 398, 1896. — Dacqui, 
E., Die fossilen Schildkrdteu Agyptens. Geol. u. Palaeont. Abhaiidl., u.s., vol. x., p. 275, 1912. — 
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edge ; no postparietal or iahular hones. Narial opening usually single ; no pineal 
fora/men. Jaws toothless, with horny sheath ; palate toothless [except in mie known 
early genus\ Trunk short and broad, encased in bony plates which include 
expansions of the ribs and abdominal ribs, liibs inserted intervertehrally, Pectoral 
and pelvic arches within the bony shell ; no separate precoracoid ; pelvis with large 
ischio-pubic fenestra including the passage for the obturator nerve; acetabulum not 
perforate. Limbs with five digits, ami phalanges in terrestrial for7ns reduced at 
least to .3, S, S, S. 

The Cheloiiians, or tortoises and turtles, form a homogeneous and narrowly 
circumscribed group, widely separated from all other reptiles. They first 
appear in the Upper Keuper of Southern Germany, exhibiting all the typical 
characters of the Order ; and they do not undergo any noteworthy modifica- 
tioiis in structure during all their subsequent history. They seem to have 
been originally dwellers on land, and Eberhard Fraas has suggested that 
their armour arose as an adaptation to burrowing habits, like that of certain 
Edentate Mammals. They are now generally regarded as most nearly 
related to the Cotylosauria. 

hajiies^ W., Die Clielonier der norddeiitschen Tertiiirforinatiou. Palaeont. Al)han<il. Dames uiid 
Kayser, vol. vi., p. 197, 1894, — Gibnore, ('. ir., Two new Species of Fossil Turtles from the 
Lance Formation of Wyoming. Proc. (J.S. Nat. Mus., vol, 50, p. 641, 1916. — New Fossil 
Turtles, hoc. ciL, vol. 56, p. 113, 1919. — Fossil Turtles from Pleistocene of Florida, hoc, 
cil., vol. 71, p. 1, 1927. — Reptilian Faunas of the Torrejou, etc., Formations, New Mexico. U.S. 
(leol. Surv., Professional Paper 119, 1919. — Gray^ J. E., Notes on the families and genera of 
Tortoises. Proc, Zool. Soc., vol. xxxvii., p. 165, 1869. — //«y, 0. P., Fossil Turtles of North America, 
Carnegie Inst. Puhl. no. 75, 1908. Supplemented in Proc. U.S. Nat. Mus., vol. 35, p. 161, 
1908; vol. 36, p. 191, 1909; vol. 38, p. 307, 1910; and in 8th Ann. Kep. Florida Stale 
Geol, Surv., ji. 45, 1916. — Phylogeny of the Shell of the Testudinata and the Helationships of 
Dermochelys. Journ. Morphoh, vol. xxxvi., p. 421, 1922. — Shell of Ohdys ami Armor of Turtles 
in general. Proc. U.S. Nat. Mus., vol. 73, art. 3, 1928. — Jfojfmunn^ C. IC., C!heh)nia, in Bronu’s 
Classen uud Ordimngen des Tliierreichs, vol. vi., 1879. — Knoulton. F. JI., Fossil Turtles accredited 
to the Judith River Formation. Proc. Wa.shington Aca<l. Sci., vol, xiii., p. 51, 1911. — I^auhe, G. C,, 
Schildkroten aus der bdhmi.schen Braunkohlenformation. Ahhandl. “Lotos,” vol. i., p. 1, 1896, 
and vol. ii., p, 37, 1900. — Lydckker, IL, Siwalik and Narbada Chelonia. Palaeont. Indica, .ser. x., 
vol. iii., 1886. — Catalogue of the Fossil Reptilia and ATni»lii]iia in the British Museum, pt. iii. 
London, 1889. — Maack, G. J., Die bis jetzt bekaimten fossilen Schihlkrdteu, etc. Palaeontogr. , 
vol. xviii., 1869. — Meyer, H. von, Zur Fauna der Vorwelt, pts. i. and iv. Frankfort, 1845-60. — 
Owen, a., and Bell, R., Monograph of the fossil Reptilia of the London Clay, pt. i. (Palaeont. Soc.), 
1851. — Owen, R., Monograph of the Wealden Chelonia, etc., loc. cit., 1852 "53. — IHdet, A', y., and 
Monographic <les Chelouiens de la Molasse Suisse. Geneva, 18.56. — PortAs, A., Tiber 
fossile Schildkroten aus deni Kimrneridge von Hannover. Palaeontogr., vol. xxv., p. 125,1878. — 
Les Cheloniens dc la Molasse Yaudoise. M^ni. Soc. Paleont. Suisse, vol. ix., 1882. — Reinach, A. v., 
Schildkriitenreste im Mainzer Tertiarl>ecken, etc, Ahhandl. Senckenb. Naturf, Ges., vol. xxviii., 
1900. — Schildkrotenreste aus ilcin ugyptischen Tertiiir. Loc. cU., vol. xxix., p. 1, 1903. — Ruckes, 
H., Studies in Chelonian Osteology, 11, Ann, New York Acad. Sci., vol. xxxi., p. 81, 1929. — 
RUtimeyer, L., Die fossilon Schildkroten von Solothurn. Denkschr. Schweiz. Naturf. Gesellsch., 
vol. xxii., 1867 ; and loc. cit., vol. xxv., 1873. — tlber deii Ban von Scliale und Scliadel bei lehendeii 
iind fossilen Schildkroten. Yerliandl. Naturf. Gesellsch. Basel, vol. iii., p. 255, 1872. — ISacco, F., 
Cbeloni Astiani del Piemonte. Mem. Accad. Torino, vol. xxxix., 1889. — Si<ehenrock, F., Synopsis 
der rezenten Schildkroten. Zool. Jahrbiicher, Suppl, 10, Heft 3, 1909. — Stefano, O. de, Cheloniani 
fossili cenozoioi. Boll. Soc. Geol. Ital., vol. xxi., p. 263, 1902. — Nuovi rettili degli strati a 
fosfato della Tunisia. Loc. cit,, vol. xxii., p. 51, 1903. — Versluys, J., Phylogeny of the Carapace, 
and on the Affinities of the Leathery Turtle, Dermochelys coriacea. Rep. British Assoc, (Birming- 
ham, 1913), p. 791, 1914 (German edition in Palaeont. Zeitschr., vol. i., p. 821, 1914).— fra«7wcr, 
J. A., Schildkroten und Sander aus den lithographischen Schiefer. Abhandl. Bayer. Akad. 
Wissensch., II. Classe, vol. vii., p. 291, 1853 ; and Uc. cit., vol. ix., p. 68, 1861. — Wieland, O. R., 
Evolution of the Testudinate Humerus. Araer. Journ. Sci., vol. ix., p. 413, 1900. — IViman, 
Fossile Schildkroten aus China. Palaeont. Sinica, ser. C, vol. vi., fasc. 3, 1980 [see also 
Nopesa, F., Zur systematischen Stellung dreicr von Wirnan aus China l>escbriehener fossiler 
Schildkroten. Centralbl. f. Min., etc,, 1930, Abt. B, p. 510]. — Zdansky, 0., t)ber die Temporal- 
region des Scbildkrbtenschadels. Bull. Geol. Inst. Upsala, vol. xix., p. 89, 1924. 
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The most distinctive diameter of the group is the investment of the 
body in a more or less rigid shell or box, which is composed partly of the 
modified neural spines and ribs, and jiartly of dermal ossifications more 
or less intimately united with the former. Into this shell the limbs, tail, and 
usually also the neck and head are capable of being retracted. 

In most forms both the dorsal shell or carapace, and the ventral or plastron, 
are superficially covered with a horny epidermal layer, which is divided by 
indented sutures into a few large scutes or shields. These epidermal shields 
are arranged independently of the subjacent bony plates, and are wanting 
only in Trionyrhoidea and Dermochelyidae. They afford valuable diagnostic 
characters among Recent forms, but as a rule are completely destroyed in 
fossilisation, their sutures being merely indicated by shallow sulci on the 
bony plates. On the carapace they form a median dorsal and a paired 
lateral series, there being usually five unpaired or vertehral shields, and four or 
five pairs of costal shields (Figs. 41 1, 413, 4 15, 418). Round the periphery there 
is also a series of about twenty-four maryinals (marginalia), the anterior of 
which is called the nuchal, and the posterior, sometimes double, the caudal 
or supracaadal shield. In the primitive Triassic forms there are some 
supplementary shields between the costals and marginals. Five or six pairs 
of epidermal shields are present in the plastron, but there is no median 
series. The anterior }mir is that of the gidars, following which in the order 
named are the liumerals, pechcrals, ahdmniuals, femoral s, and avals. Occasionally 
the gulars are separated in front by a single or double intergular shield. 
Tliere are also sometimes inguinal shields on the bridge between the carapace 
and plastron. 

The bony j)lates of the carapace (Fig. 406, A, B) are formed partly by 
lateral expansions of the spinous processes of eight dorsal vertebrae (second 
to ninth), and of the ribs belonging to these vertebrae ; and in still greater 
part by dermal ossifications overlying the ribs and joining the expanded 
spinous processes on cither side of the median line. The plates of the 
carapace thus differ in number and arrangement from the epidermal shields, 
inasmuch as they coincide with the vertebrae and ribs. The latter retain 
their individuality more or less distinctly on the visceral side of the costal 
bones, and extend across the vacuities when the carapace is incomplete. 

The median series of eight bony plates in the carapace are called nenrals or 
vertebrals ; and the lateral pieces lying superjacent to the ribs, which are 
firmly united to one another and to the neurals by suture, are termed costals 
or pleurals. Sometimes not all of the neural bones are developed, and among 
the recent Pleiirodira of Australia they are wanting altogether. In front of 
the series of neural plates is a large hexagonal plate, the nuchal, which is 
broader than long, and situated above the first dorsal vertebra. This plate, 
which is present in all Chelonians, is a dermal bone. Continuing the series 
of neurals behind are two to four unpaired dermal bones termed the pygal 
plates or postneurals, the last of which, in shape and position, forms part of 
the marginal series. In addition to the posterior azygous marginal or pygal, 
there are eleven or twelve marginal plates on each side, except in Staurotypus 
and Cinosternwn, which have but ten. The marginals and pygals are entirely 
dermal ossifications, and are usually absent in the Trionychoulea. 

There are normally eight pairs of costal plates, but some fossil marine 
forms have nine or ten. The first costal is usually the broadest, the last 
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the smallest ; in a few forms these plates are of unequal width, alternately 
widening proximally and narrowing distally. The distal extremity of the 
rib persists as a free point fitting into a corresponding socket of the marginal 
plate. In some forms there are persistent fontanelles or vacuities between 
the costal and marginal plates, and also in the plastron. 

The (Fig. 406, G) arises exclusively from dermal ossification, and 

is entirely independent of the pectoral arch, with which it has sometimes 
been hornologised. It consists usually of nine bones, a median anterior 
enfoplastroTiy and on each side following this in the order named, an epiplastron, 


a hi/oplastron, a hypoplasfron, and a xiph 
among the Cimsternklae ; and in Baena 



Fi<J. 400. 


Chfihme mificus Latr. nm*nt ; Atlantic Ocean. .1, 
Dorsal aspect of carapace. i>, Section of shell. C’, 
Ventral asp<^ct of plastron. C' — fW, cosUal plaUw ; e, 
entoplastron ; Ep, epi plastron ; i/»/p, hyoplastron ; 
Ilpp, hyix)plasti'fni ; -A/, nmrjnnals ; N, expainled neural 
spine ; Nh, nuchal ; /', plastron ; /'y, first pygal ; R, 
ribs ; IF, vertebral ceiitruni ; Xp, xiphiplastron ; 1 — 8, 
neural plates, followe<l by two pygals. 


iplasiron. An ento[)la8tron is wanting 
and the Pelomedusidae the usual number 

R 



of nine bones is increased to eleven, the additional elements being the 
mesoplasim^ situated between the hyo- and hypo-plastra. Until late in life in 
the Chelydridaey and throughout life in the Cheloniidae^ the paired abdominal 
bones are separated by wide fontanelles (Fig. 406, C), while in all other 
Recent Cryptodires the plastron forms in the adult a solid shell, which may 
be divided into two or three portions by the presence of one or two transverse 
ligamentous hinges, as in Cistvdo^ Cinosternum, Ptychogaster, etc. 

In the adult of most genera the hyo- and hypo-plastra are united with 
the marginal plates by suture. The part between the body of the plastron 
and the marginals is called the bridge ; it is particularly short or absent 
in those Testvdinidae in which the plastron is movable, and long and narrow 
in those forms (Chelydridae) in which the plastron is particularly small, 
the whole shield being cruciform. In such Testndinidae as have the plastron 
Buturally united with the carapace, the hyo- and hypo-plastra sqnd up 
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processes, respectively termed the axillary and inguinal buttress, which 
arichylose either with the inner surface of the marginals or with the costals ; 
these buttresses are least developed in the land tortoises and most of the 
Cryptodires frequenting deep water, in which genera they form very large 
septa, nearly reaching the vertebral region and forming two lateral chambers 
occupied by the lungs (Boulenger). 

The cervical region is extremely flexible, and comprises eight vertebrae, 
the first of which is biconcave, and the last biconvex. Except in certain 
primitive Triassic genera, there are no cervical ribs, and only rare traces 
of transverse processes. The ten rib bearing dorsal vei tebrae are immovably 
united with one another and with the carapace, following which aie two 
(rarely three or more) flat-ended sacral vertebrae, 'bhe sacral ribs are, 
as on the last dorsal vertebra, suturally united with both centrum and 
neural arch ; the first is the most developed, and considerably expanded 
distally. The caudal vertebrae are from sixteen to thirty-five, the more 
usual number being from twenty to twenty-five. The centra are in most cases 
procoelous, but sometimes opisthocoelous. Transverse jwocesses or costoids 
are present on most of the vertebrae, and connected with the centrum and 
the arch. Neural spines are not developed, and chevron bones are usually 
absent or vestigial. 

The bones of the sknll (Fig. 407) form a broad, often very convex roof, which 
is usually prolonged behind in a strongly developed supraoccipital crest. 
The orbits are large and placed laterally in advance of the middle of the 
skull ; the deeper the skull, the larger the orbits. The latter are completely 
encircled b}’' four or five bones — the maxilla, prefrontal, sometimes the 
frontal, the postfrontal, and the jugal. The external nostril is terminal 
and almost always single, bounded by the premaxillae, maxillae, and pre- 
frontals or nasals. The parietals are of large size and distinct, being con- 
nected with the palate (except in the Dermochelyidae) by lateral descending 
processes. An independent lachrymal bone is rarely present (Triassochelysy 
Chisternoii, Kallokihotmm\ and separate nasals occur only among the Amphi- 
chelydia, most Pleurodira, and some Cryptodira. The anteiior margin of the 
snout is formed by the small, usually distinct premaxillae. 

The postf rentals are large in most Cryptodires, forming a postorbital 
arch ; in the marine turtles the postfrontal unites in a long suture with the 
parietal, the whole or greater part of the temporal region being roofed over by 
bone. The temporal roof attains its greatest development in the Cheloniidae 
and Dermochelyidae^ where three cranial arches are present — the postfronto- 
squamosal, the jugo-quadrato jugal, and the parieto-squamosal. In all other 
Cryptodires the parietal is widely separated from the squamosal, and as a rule 
the squamosal is separated from the postfrontal. In a few genera there is no 
bony temporal arch, and the quadrato-jugal is rudimentary or absent. The 
jugal, when present, takes part with the maxilla in the lower border of the 
orbit, being excluded from it only in the genus Platysiernum, The probtic and 
opisthotic are both stout bones, situated in their usual positions. The ex- 
occipital sometimes fuses with the supraoccipital, which is produced beyond a 
line drawn between the posterior extremities of the squamosal. The foramen 
magnum is deeper than broad, and bounded by the supraoccipital and the 
exoccipitals, and occasionally also by the basi occipital. The exoccipitals and 
basioccipital usually form a tripartite occipital condyle. 



300 


REPTILIA 


CLASS m 


The squamosal joins both the prootic and opisthotic, and is buttressed by 
the quadrate, which penetrates the otic region by means of a superiorly or 
inwardly directed process, and is auturally connected with the quadrato-jugal. 
The quadrate, which is curved round the otic notch behind, sometimes joins 
both the basisphenoid and basioccipital, but in all Cryptodires it is separated 
from the basisphenoid by the pterygoids, which form a suture with the 
basioccipital, or very nearly reach the latter bone, and are in contact with the 
maxillae (except in the Chelomulae). In none of the Pleurodires do the 

A It 



Fin. 407. 


Trionyx gangeW’us Cuvifii*. Heeent ; Iruliu. Sup«irioi (^) und pahtlal (/>’) aspwts of skull, minced. 
At orbit; J3o, 1 asioccipibd ; JiSph, lNisisphctioi<} ; <th, intenial narcs ; /vo, rxoccijiiUil ; Fr, frontal; j»i}{al. 
Mx, maxilla; N, external nostril; 0/», o])isthotic ; iVt, paricOi! ; /V, palatine; Fm.r, premaxilla; Prf, pre- 
frontal -f nasjil ; /Vo, prootic; I’t, pterygoid; Ptf, postlrontel ; Q, qiiadiate ; QuJ, quadrato-jugal; S, Hui)ra- 
temporal fossji ; 5o, su]>raoccipiUl ; Sq, squamosjil ; Fo, vomer (after Hotlinann). 


pterygoids extend posteriorly beyond the quadrate. The vomer is single and 
separates the internal nares. The stapes {columella auris) is ossified. 

The mandibular elements, which are six in number, are so intimately 
united in the adult as to appear like a single piece. A symphysial suture is 
present in the Chelydridae, however, at least in young individuals. In the 
Triassic genus Triassochelys small teeth occur on the palate, and apparently 
rudiments of a single row of teeth are found on the marginal bones of the 
jaws. In all other Chelonians teeth are absent, but the edges of the jaws 
are covered with sharp, horny sheaths like the beak of a bird. 

The pectoral and pelvic arches (Fig. 408) are remarkable as being 
enclosed within the shell, but since they are both external to the ribs in 
the embryo, their apparently abnormal position is seen to be a secondary 
modification. Of the three branches which constitute the pectoral arch, 
namely, the scapula, acromion (or “ precoracoid ”), and coracoid, the latter is 
longest in the Cheloniidae, the former in all other Cryptodires. The coracoids 
are long, distally expanded bones, directed backwards and inwards, but not 
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meeting in the median line. The scapula is slender, rod-like, and upwardly 
directed. Its distal extremity is attached by ligament or cartilage to the 
anterior costal bone, and its proximal end bears an elongated acromial 
process (precoracoid of many authors, proscapula of Baur, clavicle of 
Cuvier and Owen). The latter is directed forwards and downwards, and its 
expanded distal end is attached by ligament to the entoplastron. Clavicles 
and cleithra are also present in the primitive genus Triassffchehfs. The 
humerus exhibits a large spherical head and a more or less strongly curved 
shaft, often with ectepicon- 
dylar foramen or notch at 
its distal end. The radius 
and ulna are of about 
equal length, except in the 
Clieloididae, where the 
former is much longer and 
situated below the ulna. 

The proximal carpals arc 
commonly four, and the 
distal five in number ; 
numerous variations, how- 
ever, are exhibited by the 
bones of the man us among 
the different families and 
genera. Five digits arc 
always j)resent, but some- 
times not more than three 
are clawed. The first digit 
usually has two, the others 
have three phalanges ; but 
in the Testudinidae this 
number is often reduced, 
w^hile in the Trionychoidea 

the fourth digit bears one fio. 408. 



or two additional joints. 

In the pelvic arch the 
long ilium is loosely at- 
tached to the sacrum and 


Kmysi orhirularLs Linn. sp. Rpct>nt ; Eurnpe. Ventral aspect, the 
plastron removed U> one sale. (7, cosLil plates ; Co, coracoid ; e, ent-o- 
plastron ; Kp, epi plastron ; /*’, libula ; FV, lemur; II, huincrns ; JIpp, 
liypoplastT’on ; Hyp, hyoplastron ; .//, ilium ; ./«, isehium ; M, marginals ; 
JVm, nuehal ; Ph, pubis; acromion; Py, py^al ; ii, ladius ; .Sr, 

scApnla ; T, tibia : V, ulna ; Xp, xiphiplastron. 


eighth costal plate in the 

Cryptodira, to the sacral ribs in the Trionychoidea ; but in all existing Pleurodira 
the pelvis is solidly united with the carapace and plastron, and bears no trace 
of sacral attachment (Fig. 417). The pubis and ischium of Cryptodires form 
a ^ ventral symphysis, and their symphysial branches are either widely 
separated from each other, or in contact and limiting a pair of ischio-pubic 
fenestrae (Tesiudmidae), The pubis sends off a more or less developed process, 
directed forwards and outwards, which may be subcylindrical, rod-like, or flat 
and expanded distally ; a lateral process is also present, but usually less 
developed than that of the pubis, on the ischium of all Cryptodires except 
the Cheloniidae (Boulenger). The femur is a curved cylindrical bone, and the 
tibia and fibula are subequal in length. An astragalus (formed of the tibiale 
+ intermedium) which is in contact with both tibia and fibula, and a small 
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outer calcarieum (fibulare) constitute the proximal tarsals ; or among the 
Emydidae these may coalesce in a single piece. A centrale is distinct in the 
CJidydridae and most Pleurodires ; and except in the Cheloniidae^ which have 
four, the distal row of tarsals contains five bones. 

Habitat and Geological History. — Many of the Chelonia are terrestrial inhabit, 
a greater number are aquatic, and a few are exclusively marine. The Recent 
species are mostly limited to the tropics or warm temperate zones. They lay 
eggs on the ground or on the sandy shores of the sea, lakes, or rivers. Many 



Fjo. 40i). 

Triassochelf/s dux Carapace with skull. Upper Kcupor; Ilulbcrstadt, N. (lermuny. 

8-17, inargiuulH. nat. size (atVr Jaitkol). 

of them feed chiefly on plants, but others also on fishes, molluscs, and crus- 
taceans. The earliest known fossil remains are from the Upper Keuper of 
Germany, and are fortunately well preserved. None have been discovered in 
Lower Jurassic rocks, but from the Upper Jurassic of Switzerland, Northern 
France, Germany, England, and the United States many forms are known, all 
closely similar to existing genera. Numerous Chelonian remains occur in the 
Cretaceous and Tertiary, but complete skeletons in association with the shell 
are extremely rare. The only noteworthy marks of evolution in the Order 
since early Cretaceous time are degeneration of the carapace and plastron in 
certain types, and elongation of the phalanges in specially aquatic forms. 

Sub-Order 1. AMFHICHELTDIA.^ 

Eoof of temporal region of skull complete; nasal bones separate. Cervical 
vertebrae short, with transverse processes, sometimes also ribs ; head not retractile in 

' Hay, 0. P., The Group of Fossil Turtles known as the Ampliichelydia. Bull. Amer. Mus. 
Nat. Hist., vol. xxi., p. 137, 1905. 
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shell. Shell complete, with rnarginals and mesopladra ; inframarginal and 
intergular shields present. Pelvis in contact with both carapace and plastron, 
hut usually not anchylosed with the latter. 

This group was estaV)lished by Lydekker to include a number of 
generalised Mesozoic forms having a shell constructed on the plan of that in 

Cryptodires and Pleurodires, in which 
mesoplastral bones and an intergular shield 
are developed. The pubes and ischia are 


Fk3. 411. 

ProganncMelya quenstedti Baur. Cara{)acp. Keuper ; 

Triasm'helys dux Jmikel. IVctorul arch. Aixheim, Wurtc.mberg. Epidermal shields lettered 

Upper Kei>|)er ; Hall)erHt.adl, N.'Ocrmiiiiy. Ar, CS (caudal), LS i~i\ (costal), MS (marginal), US 

acromion; Co, coracoid; Ct, clcilhruin ; Cv, (nuchal), .S3/S (supramarginal), and TNi-v (vertebral), 

clavicle; Fo#, supracoracoi<l foramen ; gleiioi*! Bony plate.s lettered d-H (costals), (neurals), 

fossa ; Jcv, interclavicle ; Sc, scai)ul!i ; Ss, supra- «» (nuchal), and p;/ (pygal). About i/io nat. size 

scapular cartilage. Much reduced (after Juekel). (after E. Fraas). 

more or less closely attached to the plastron; and, according to Nopcsa, they 
sometimes approach the Cryptodiran shape {TriassocheJyidae, Pleurosternidae, 
Baenidae), sometimes the Pleurodiran {Proterochcrsidae, KalloJcihotiidac), 

Family 1. Triassochelyidae.^ 

Land tmioises with deep body. Teeth at least on the prolate. Quadrate bane 
straight. Cervical vertebrae amphicoelous, and ribs present. Acromial process of 
scAipula short ; cleithrum prresent. Pelvis not fused with shell. Supplementary epi- 
dermal shields between the costals and marginals. Upper Triassic. 

Triassochelys Jaekel (Stegochelys Jaekel nec Lydekker) (Figs. 409, 410). 
Skull with simple basioccipital condyle. A cluster of small, blunt conical 
teeth on the vomer, parasphenoid, and pterygoids ; rudiments of a single 
row of teeth in small pits a little within the sharp margin of the upper and 

^ Ftolos, K,, Progamchdys quemtedtii Vimv {Psamviochelys kmperina Jahresb. Vev. f. 

vaterl. Naturk. Wiirtt., 1899, p. 401. — Jmkel, O., Wirbeltierfuinle aus dem Keuper von Halber- 
stadt. II. Testudinata. Palaeont. Zeitschr., vol. ii., p. 88, 1915. 
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lower jaws. Eight cervical vertebrae with double-headed ribs ; conical dermal 
tubercles on the neck. Sacrum of two vertebrae. A complete row of 
epidermal shields between the costals and marginals. T, dux daekel, known 
by the greater part of a skeleton and fragments from the Upper Keuper of 
Halberstadt, N. Germany, with skull about 20 cm., and carapace about 65 
cm. in length. 

Proganochelys Baur {Psainmochelys Qucnstedt) (Fig. 411). Shell as in 
Triassoehelys, but row of supplementary epidermal shields between costals and 
marginals restricted to short anterior and jHisterior portion. J\ quenstedii 

Baur, known only by the shell 65 cm. in 
length, from the Keuper of Wurtemberg. 

Family 2. Proterochersidae.^ 

Laud tortoises with deep body. Pelvis fused 
ivith shelly rather Pleurodiran. Vertebral 
shields broad ; sapplenierdary epidermal shields 
between the costals and marginals. Upper 
Triass ic. 

Proterochersis Fj. Fraas(Fig. 412). With 
two pairs of mesoplastra. Sacrum of four 
vertebrae. P, robnsta E. Fraas, known only by 
imperfect shell about 30 cm. in length and 
very deep, from t he Keuper of Wurtemberg. 

Chelyfherium II. von Meyer. Keuper; 
Wiirtemberg. 

? Chelyzoou F. von Iluene. Vertebrae 
from Muschelkalk. 

? Saurodesmns Seeley. Femur from 
Rhaetic ; Nairn, Scotland. 

Pleurosternidae.2 

Water tortoises with depressed body. Cervical vertebrae amphicoelous, without 
ribs. Acromial process of scapula hmg ; no cleithrurn. Carapace united with 
plastron by narrow buttresses. Upper Jurassic and Cretaceous. 

Pleurosternum Owen {Megasternmi Gray). Carapace much depressed, 
rounded posteriorly, without vacuities, and firmly united with the plastron, 
which is also continuous. Surface of shell very finely pitted and deeply 
impressed with the suture-lines of the epidermal shields. Neural bones 
moderately elongated, hexagonal, with their anterolateral surfaces short. 
Mesoplastrals well developed, meeting in the middle line ; entoplastral 
relatively large ; xiphiplastrals deeply notched. No nuchal shield ; intergular 
shield not divided ; inframarginals present. Pectoral arch resembling that 

^ Fiaas, /?., Proterochersis eine pleurodire Schildkrotc aus ilem Ktsuper. Jaliresh. Ver, f. 
vaterl. Natiirk. Wilrtt., 1913, p. 13. — Huene, F. von^ Einige Schildkroteiireste aus der obersten 
Trias Wiiittembergs. Oeritraibl. f. Min., etc., 1926, Abt. B., p. 509. 

^ Haughtmi, S, ff,, iieptilian Remains from the Dinosaur Beds of Nyasaland. Trans. Roy. 
Soc, S. Africa* vol. xvi., p, 68, 1928. — Nopcaa^ F.^ Hdochdydra. Geologica Hungarica, Ser. 
Palaeont., vol. i., p. 44, 1928. — Watson, D. 3f, S., Glyptops ruetim£,yeri (Lyd.), a Chelonian from 
the Purbeck of Swauage. Geol. Mag. [6], vol. vii., pp. 311, 381, 1910. 



Fkj. 41:i. 


Proterochersis robxista E, Fraas. Tlaatron. 
Keuper ; Rudersberg, Wiirtemberg. Bpitlemnal 
shields lettered yfn.S (anfil), AS (abdomiual), BS 
(brachial), CS (intercaudal), PS (femoral), f$S 
(gular), JeS (caudal), BUS (intergular). About 
i/s nat. size (after E. Fraas). 


Family 3. 



Fi«<, 4i:{. 

oJif'rndov/i’ri Wa^MitT. A, Plastron. /J, (.’arai»iu*t«. .hirassic ; Biwuria. ii.S', 

brachiiil sliiold ; F/j, f|»ii)lfistron ; as, gnhir shield; ///<//, liypoplastron ; /////>, hyoiilastri'ii ; JUS, iiitorgiilur 
shu'ld ; LS i-jv, lat^a-al shii-lds : Mp, in«*.soplastron : MS, niarginal shields; A’.s' i-v, neural or vertebral shields; 
SmS, siiiuatuarginal shield ; Xp. xi|diiplas1.ron ; ei-s, costal ]dates ; r, entoplastioii ; neural plates; 

nue.hal ; py, pygal ; pit for attat hnn-nt of lliuin. J /4 iial.. siz<*. 


mincnce.s on the neurals and costals. NenraLs short and of irregular contour, 
the width usually much exceeding the length. Mesopl astrals not meeting in 


the middle line. Vertebral shields much wider than 
long; nuchal shield present; intergular undivided. 
Upper Jurassic ; Bavaria, France, and England. 

PlatycJieloides Haughton. Lower Cretaceous ; 
Nyasaland. 

Glfjptops Marsh. Anterior edge of carapace 
emarginate. Nuchal shield present. Mesoplastron 
complete, much resembling that of Fleurosternuw . 
Hinder lobe of plastron deeply notched. Upper 
Jurassic to Upper Cretaceous; N. America. Pur- 
beck Beds ; England. 

Tretosternum Owen. Shell tuberculated, impressed 
with the suture -lines of the epidermal shields. 
Nuchal deeply emarginate. Purbeck and Weald en ; 
England. Stegoclielys Lydekker. Portlandian. 
Helochelys H. von Meyer. Cenomanian ; Kel- 



Fir;. 414. 


Rhinof'heJys vnntahrigiensu l^ydek- 
ker. Skull, upix^r aspect. Cam- 
bridge Greensand. A, orbit; Fr, 
frontal ; JV, nostril ; Na^ na-sal ; Pa, 


helm, Bavaria. 

Hdochelydra Nopesa. 


Wealden; Isle of Wight. 


parietal ; Pmx, preniaxilla ; Prf, pre- 
frontal ; Ptf, postfrontal. Nat. size 
(after Lydekker). 


TrachydermochehjSy Ehinochelys Seeley (Fig. 414). 


Cambridge Greensand and Upper Greensand ; England. The type specimen 
of T, rutteri Andrews has two mesoplastra on one side, one on the other. 

1 Frotochelys Lydekker. Epidermal shields from the Stonesfield Slate, 


Oxfordshire. 


VOL. n 
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Family 4. Baenidae.^ 

Water tortoises with depressed body. Skull short. Cervical vertebrae usually 
with only one end cj)ncave^ without ribs. Acromial process of scapula long ; no 
cleithruni. Carapace united with plastron by wide strong buttresses. Upper Jurassic, 
Cretaceous, and Eocene. 

Baena Leidy. Intergular shield divide<l, and xiphiplastral with depressions 
which appear to have received the pubis and ischium. Mesoplastrals meeting 
in the middle line, but with the median ends much narrower than the outer 
ends. Upper Cretaceous and Eocene ; N. America. 

Probaena Hay. Fontanelle between inner ends of mesoplastra. Upper 
Jurassic (Morrison Formation) ; Colorado. 

Naomichelys Hay. Plastron tuberculatcd. Upper Jurassic ; Montana. 

Euhaena, lliescelus, Chariteniys Hay. '( Polythorax Cope. Upper Cretaceous ; 
N. America. 

Boremys, Neurankylus Lambe. In Boremys pulchra Lambo there are three 
pairs of large supramarginal shields in line with the second, third, and fourth 
vertebral shields. Upper Cretaceous ; Alberta, Canada ; Wyoming and New 
Mexico, U.S.A. 

Chisternon Leidy. Middle Eocene (Bridger Beds) ; Wyoming. 


Family 5. Kallokibotiidae.2 

Much resembling Baenidae, but narial opening divided by the premaxillae^ 
cervical vertebrae amphicoelous^ acromial process of scapula short and stout, and 
pelvis more Pleurodiran. Upper Cretaceous. 

Kallokihotiurn Nopesa. Pterygoids with longitudinal ridges. Short 
cervical vertebrae amphicoelous ; caudal vertebi’ae depressed. Pelvis fused 
with plastron in adult. K. bajazidi Nopesa, with skull about 40 cm. in 
length, from Upper Cretaceous (Danian), Transylvania. 

Sub-Order 2. PLBUBODIBA. 

Hoof of temporal region of skull sometimes complete, but usually emarginated 
from below. Outer border of tympanic cavity completely encircled by the quadrate ; 
pterygoids very broad throughout, forming wing-like lateral expansions, and not 
separating the quadrates and basisphenoid ; nasals free or united with prefrontals ; the 
latter without descending processes. Neck bending laterally under shell, but cervical 
vertebrae usually with transverse processes. Shell usfually cornplete and covered with 
epidermal shields; epiplastra in contact with hyoplastra ; mesoplastrals present in 
some forms, and an intergular in all cases where epidermal shields occur. Pelvis 
anchylosed to carapace and plastron. Digits with not more than three phalanges. 

In this group, as indicated by the name, the neck bends laterally, and 
the pelvis is anchylosed to the carapace and plastron. Existing Pleurodires 
are almost restricted to the southern hemisphere, and distributed in South 

^ Lrnnhe, L. M . , Boremys, a new Chelonian Genus from the Cretaceous of Alberta. Ottawa 
Nat., vol. xix., p. 232, 1906. 

* Nopesa, F., KaUoHbotiwn, a primitive Amphichelydian Tortoise from the Uppermost 
Cretaceous of Huugary. Palaeoiit. Huiigarica, vol. i., p. 1, 1923. 
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America, Southern India, Africa, Madagascar, New Guinea, and Australia. 
The fossil Flesiochelyidae^ Thalassemydidae, and Miolaniidae are referred by 
Nopcsa to the Aniphichelydia. 


Family 1. Plesiochelyidae.^ 

Skull with temporal region completely roofed. Shell usually thicky without rneso- 
plastra, and with either a reduced or the full number of neurals and suprapygals ; 
only the pubis uniting with the xiphiplastral ; entoplasiral small; inframarginal 
shields at least usually present. Sometimes a plastral vacuity. Phalangeals reduced. 
Upper Jurassic and VVealden. 

Flesiochelys Rutimeyer (Stylemys Maack nec Leidy) (Fig. 415). Shell 
attaining a length <»f 0*5 m., circular or cordifoim, relatively thick, consider- 

j /; 



riesiochrJys soloUvrensis RiWuv.i'yvT. A, Can«|>ac«'. />', Plastron. TTpp«*r Jurassic (Kiinmeridgian) ; 

Hololhurii, SwitzurluiKl. i/jj nut. size (after lliitiine.yt*r). 


ably vaulted in the adult, and with or without a persistent plastral vacuity. 
Nuchal more or less emarginate ; neurals generally long and narrow, and 
connected with the first of the three suprapygals. Plastral bridge long ; sulcus 
between abdominal and femoral shields ascending towards the hypoplastral 
suture, and terminating in the middle of the inguinal notch. Upper Jurassic; 
Germany, Switzerland, and France. 

Hydropeltay Farachdys v. Meyer. Upper Jurassic ; Europe. Tlwlemys 
Andrews. Kimmeridge Clay; Swindon. Hylaeochelys Lydekker. Upper 
Jurassic and Wealden ; Europe. BrodiecheJys Nopesn. Wealden ; Isle of 
Wight. 

^ Andrewst C. W., New Chelonian from the Kimmeridge Clay of Swindon [Tholemys passmorei]. 
Alin. Mag. Nat. Hist. [9], vol. vii., p. 145, 1921. — ffiwley, R. W., Tortoise [Plemtckelya] from the 
Wealden of the Isle of Wight, Geol. Mag. [4], vol. vii., p. 263, 1900.— JN1r)jpcs«, F., Hylaeochelys. 
Geologica Hungarica, Ser. Palaeont., vol. i., p. 48, 1928 . — Oertely ir., Schildkrdten fauna des 
nordwestdeutschen obereu Jura, Palaeont. Zeitschr,, vol. vi., p. 43, 1924. 
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Family 2. Thalassemydidae.^ (Acichelyidae Lydekker.) 

Temporal fossae of skull partially roofed. Shell cmdiform^ more or less in- 
completely ossified, the median fontanelle in plastron persisting for a long period or 
throughout life. Nuchal without costiform process. Plastron connected with cara- 
pace by axillary aiid inguinal buttresses. Huinerus tvHh imperfectly developed head 
and nearly straight shaft. Phalanges with articular condyles, all the iermmal 
phalanges clawed. Upper Jurassic and Cretaceous. 

This family includes late Mesozoic genera which combine the characters of 

appear to have been mainly marine. The 
very incomplete ossification of the caraj)ace 
and the persistent fontanelle of the plas- 
tron are as in sea-turtles, while the form 
of the plastral elements and the outwardly 
bent extremities of the hyo- and hypo- 
plastrals are suggestive of marsh forms. 
The five functional toes with articulating 
phalanges were all clawed and probably 
webbed in life, being adapted both for 
progression on land and for swimming. 

Thalassernys Kiitimeyer {Enaliochelys 
Seeley). Carapace moderately thick, flat- 
tened, with well-ossified costals, the pos- 
terior neiirals not forming a tectiform 
ridge. Vertebral shields narrow. No 
meso plastron. Very large persistent 
vacuities in the plastron. Upper Jurassic ; 
Switzerland, Wurtemberg, and England. 

Eury sternum Wagler {Achelonia, Aci- 
chelys, Aplax, Palaeomedusa v. Meyer; Eury- 
aspis Wagner) (Fig. 416). Carapace flat- 
tened, distinctly emarginate anteriorly, 
with the costals well ossified and posterior 
neurals not forming a tectiform ridge. 
Vertebral shields very wide, marginals 
long and narrow. No mesoplastron. 
Plastron with large persistent vacuities. 
Upper Jurassic (Lithographic Stone); Bavaria and Cerin, Ain, PVance. 

Tropidemys Riitimeyer; Pelobatochelys Seeley. Upper Jurassic and 
Wealden ; Europe. 

Chelonides Maack. Upper Jurassic; N. Germany. 

Idiochelys H. von Meyer (Chelonemys Jourdan). Neurals partly reduced. 
No mesoplastron. Plastron with only lateral vacuities. Upper Jurassic 
(Lithographic Stone) ; Bavaria and Cerin, Ain, France. 

Desmemys Wegner. Nasal bones separate. Mesoplastron present. 
Wealden; Westphalia. 

^ Fraas, E., Thatnasemjfs marina. Jahresh. Ver. f. vaterl. Naturkmide Wiirtt., 1903, p. 7*2 . — 
Stache, G., Soniiochelya, etc. Verhaudl. k. k. gool. Reiclisanst. Wien, 190/5, p. *285. — Weyner, T,, 
Desmemys bertelsmanni n.«f. n.sp. Ein Beitrag zur Kenntnis <ler Thalass&mydidae Riitimeyer. 
Palaeontogr. , vol. Iviii., p. 105, 1911. 


both marine and marsh turtles, but 



Fio. 416. 


Eurystemvm waghri v. Meyer. Upi)nr Jurassic ; 
Zandt, near Bichstiidt, navuria. Vs nat. size. 
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Desmatochehjs Williston {1 Atlantocheh/s Agassiz; 1 Neptumchehjs Wielarid). 
Large separate nasal bones. Plastron loosely joined to carapace. i>. lowi 
Williston. Upper Cretaceous ; Nebraska, U.S. A. 

? Pygmaeochelys T^anbe. Turonian ; Bohemia. 

? Stache. No neurals. Cenomanian; Gdrz. 


Family 3. Miolaniidae.^ 


Shell known only hy f ragments. Skull with temporal fossae completely roofed, aiui 
with horn-like bony protuberances ; no distinct nasals ; vomer dividing palatines. 
Caudal vertebrae ojasthocoelous, with chewons ; tail long ami encased in a nodose 
bony sheath. Pleistocene (? also Cretaceous). 


Miolania Owen (Ceratochelys Huxley ; Niolamia Ameghino). Cranium with 
three pairs of peripheral prominences in the fronto-parietal region, the head 
measuring in one species 0*6 m. in width to the tip of the “ horns. Probably 
herbivorous and terrestrial. M, platyceps Owen ; 31, oweni A. S. Woodw. 
Pleistocene ; Lord flowe Island and Queensland. 71/. mackayi Anderson. 
Pleistocene; Walpole Island, 100 miles 8.E. of New Caledonia. M. (Niolamia) 
argentina Ameghino, with occipital crest relatively large, postero-lateral horns 
triangular in section, a simple blunt ridge round 
the palate, and no internasal septum. Supposed 
Cretaceous ; Chubut, Argentina. 

Family 4. Pelomedusidae.2 

X 

Temporal region of skull partially roofed. No free 
nasals ; j^vcfrontals in contact. Palatine hones meeting 
in middle line. Second cervical vertebra biconvex. ^ 

Mesoplastra present. Tertiary and liecent. 



This family includes the Recent genera Pelo- 
medusa Wagler, Sternothaerus Bell, and Podocmmis end of plastron, Khowinp 

Wagler (hlg. 417). Ihe two first are found fossil i.schin, .r, y (afUTKntimryei). 
in the Lower Miocene and Pliocene of Egypt ; the 

third dates back to the Lower Eocene in England, the Middle Eocene in Peru, the 
Middle and Upper Eocene in Egypt, and the Lower Miocene in British East Africa. 

Barduchelys Dollo. As Podocnemis, but carapace with rugose ornament, and 
the Y-shaped groove absent on the first costal plate. B, congolensis Dollo. 
Paleocene (Montian) ; Landana, Congo Free State. 

Stereogenys Andrews. With very broad crushing mandibular symphysis. 
Upper Eocene ; Egypt. 


Family 5. Bothremydidae.^ 

As Peloraedusidae but with enlarged vomer and crushing surface of jaws ending 
in a deep pit behind. Upper Cretaceous. 

^ Anderson, C, The Extinct Cheloniaii Meiolania, with a Record of a new Occurrence. Rec. 
Australian Mus., vol. xiv., p. 223, 1925; also loo. cit., vol. xvii., p. 309, 1930, and Australian 
Mus. Mag., 1926, p. 360. — Woodward, A, S., Proc. Zool. Soc., 1901, p. 170. 

Dnllo, L,, liantmihelys, Genre nouveau de tortues d^couvert dans le Paleocene du Congo. 
Bull. Acad. Roy. Belg., Classe Sci., 1924, p. 613. — Nopcsa, F., Tortues du Danien du Midi de la 
France. Bull, Soc. G^ol. France [5], vol. i,, p. 228, 1931. — Sctimidt, K, P., Fossil Turtle from 
Peru. Field Mus, Nat, Hist,, Chicago, publ. 299, 1931. 
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Bothremys Leidy. Vomer not separating palatines. Known only by skull 
from New Jersey, U.S.A. 

Taphrosphys Cope (Prochonias Cope). Known only by shell, which is more 
or less sculptured. Mesoplastra small. New Jersey. 

Amhlypeza Hay. New Jersey. 

Naiad(>chelysPLdi.Y, Shell not sculptured. New Mexico, U.S.A, ; Patagonia. 

Elochelys Nopcsa. Danian ; S. France. 

Family 6 . Ohelyidae. 

Temporal region of skull uswilly parfially roofed ; frontal unpaired ; ruisals free ; 
premaxillae distinct. Palatine hones separated hy vomer. No mesoplastra ; no infra- 
marginal shields, Wealden, Tertiary and Kecent. 

Chelys Dumt^ril ; Hydromedusa Wagler. Kecent. 

Chelodina Fitzinger. Neural bones absent, and the external surface more or 
less vermiculated. Pleistocene and Recent. 

Ehinemys Wagler (Phrynops Wagler ; Jlydraspis Bell). Eocene ; India. 
Kecent; South America. 

Emydura Bonap. Pleistocene and Kecent; Australia. Platemys Wagler; 
Elseya Gray. Kecent. 

Chitracephalus Dollo. Cranium much elongated and depressed, with an 
extremely short facial region. Cervical vertebrae without transverse j^rocesses. 
Costals narrowed at their outer ends, with vacuities within the well-developed 
border of the marginals. Plastral elements similar to those of Chelone, Digits 
clawed, not greatly elongated. C. dumoni Dollo. Wealden ; Belgium. 

Sub-Order 3. ORYPTODIRA. 

Hoof of temporal region of skull sometimes complete^ hut usually emarginated 
from behind. Stapes in a groove which usually remains open hehituL Pterygoids 
extending backwards between the quadrates and basisphenoid. Barely free nasals ; 
descending process of the prefrontals connected with the vomer. Neck bending hy a 
sigmoid curve in a vertical plane. Cervmil vertehrae without or with mere indica- 
tions of transverse processes. Pelvis not anchylomi with carapace or plastron. 
Digits with not more than three phalanges. Epiplastra in contact with hyoplastra ; 
entaplastron oval^ rhomhoidal or T-sfuiped, or wanting ; no mesoplastra. A complete 
series of marginal bones, connected with the ribs. 

This Sub-order comprises the majority of existing and fossil Chelonians. 
It is distinguished from the Pleurodira by having the head retracted by 
curvature of the neck in a vertical plane, and the pelvis unconnected with 
the plastron. The head is completely retractile within the shell in the land 
and freshwater forms. 

Family 1. Ohelydridae. 

Boof of temporal region of skull incomplete; no parieto-squamosal arch. 
Frontals excluded from orbit ; maxilla separated from the quadratofugal ; squamosal 
in conrhection with postorhito-frontal. Epidermal shields abserd in some eases; 
number of neurals complete; posterior costals meeting in the median line. Shell 
usually not fully ossified unlil late in life. Plastron frequently small, cruciform, 
articulating with the carapace hy gomphosis. Nuchal emarginate, with long 
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costiform processes underlying the anterior marginals. Eleven marginals on each 
side; a series of inframarginal shields. Limbs not modified into paddles; digits 
moderately elongate^ webbed ; claws four or five. Dermal plates on tail. Eocene to 
Recent. 

Gafsachelys de Stefano. Eocene ; Gafsa, Tunis. 

Acherontemys Hay. Marginals more closely articulated with the costal s 
than in the existing Chelydridae. Vertebral shields very broad. A. heckmani 
Hay. Miocene ; Koslyri, Washington State, U.S.A. 

Chelydra Schweiggcr. Nuchal not very deeply emarginated ; neural bones 
mostly hexagonal ; supramarginal shields absent ; posterior border of carapace 
serrated. Oligocene to Recent. C. murchisoni Bell. Upper Miocene ; 
Oeningen, Baden. C. decheni H. v. Meyer. Upper Oligocene ; Bonn, Germany. 
Recent and Pleistocene in North and Central America. 

Macroclemmys Gray {Macrochelys Gray; Gypochelys Agassiz). Recent and 
Pleistocene in North America. 

Devisia D. Ogilby. Recent ; New Guinea. 

Family 2. Dermatemydidae.’ 

Skull with temporal region emarginated behind; frontaJs not excluded from orbit ; 
maxilki unconnected with quadrato-jugal, and squanwsal .separated from piostorbito- 
frontal. Shell covered, with epidermal shields ; pdastral shields separated from the 
7narginals by a series of infra marginals. Plastron united with the carapace by suture 
or ligaments. Nuchal bone with costiform girocesses underlying the anterior marginals. 
Number of neurals incomplete ; posterior costals not meeting in the median line. 
Pubic ami ischiadic symphyses widely sepiarated. Digits moderately elongate^ claws 
four or five. No dermal plates on tail. Cretaceous to Recent. 

This family exists in Central America, and there are some fossil forms, 
such as Adocus, Agurnphus [Amphiemys)^ Homorojdius, Zygoramma Cope, Comp’ 
sefnys Leidy, and Basilemys Hay, from the Upper Cretaceous of North America ; 
Sinochelys Wimaii, from the Lower Cretaceous of Shantung, China ; Peltochelys 
Dollo, from the Wealden of Belgium ; Notomorpha Cope and Bapiemys Leidy, 
AlamosemySy Iloplochelys, and Kallistira Hay, from the Eocene of New Mexico ; 
Xenochelys Hay, from the Oligocene of South Dakota ; and Trachyaspns von 
Meyer, from the Tertiary of Europe and Africa. The family is intermediate 
in position between the Chelydridae and Cinosternidae, and in some respects 
suggestive of Pleurodires. Adocus, from the American Cretaceous, was made 
by Cope the type of an independent family, characterised by the abortion of 
the heads of the ribs. 

Of the American Cinosteniidae,^ Cimsternum {Kimstermm) Spix occurs in the 
Pliocene of Arizona, but Aromochelys, Goniochelys, Staurotypus, and Claudius 
are unknown among fossils. 

The Platystemidae with the solitary genus Platysternum Gray, found in 

* Lainhf, L. il/., Turtle from the Cretaceous Rocks of Alberta Ottawa Nat., vol. 

XV., p. 63, 1901. — Widand. G. It., Structure of the Upper Cretaceous Turtles of New Jersey: 
Adocus, etc. Amer. Journ. Sci. [4], vol. xvii,, p. 112, 1904. — Agmnphus. Loc. cit., vol. xx., p. 
480, 1906. — Riggs, E. *S., Husilemys simutsus. Field Columbian Mus., Chicago, Publ. 110, 1906. 

® Nopesa, F., Case of Secondary Adaptation in a Tortoise. Ann. Mag. Nat. Hist. [9], vol, x., 
p. 156, 1922. 



312 


REPTILIA 


CLASS III 


S. China, Burma, Siam, and the Philippines, seem to be represented by Scutemys 
Wiraan in the Lower Cretaceous of Shantung, China. 

Family 3. Emydidae.^ Marsh Tortoises. 

Skull luith open temporal fossae ; otic notch of quadrate open behind. Shell 
completely ossified in the adult, covered with epidermal shields. Carapace only 
moderately convex ; nuchal bone without prominent costiform processes, Flastron 
sometimes hinged, with long sternal bridge and large sternal chambers, the marginals 
of bridge without median processes interlocking with the rib-ends. No inframarginal 
shields. Feel nearly always webbed ; secsml ami third digits usually with more than 
two phalanges : claws four or five. Eocene to Itecent. 

The Ernydidae or Marsh Tortoises are very closely related to the Tesiudinidae 
or Land Tortoises, and are sometimes included wdtli them in the same family. 
The shell, however, in the Emyds is less convex, the sternal chambers are 
larger, and the limbs are without dermal ossifications. Their distribution at 
the present day is world-wide, except in South Africa and the Austi’alian 
region. The fossil species occur first in the Eocene, and belong for the most 
part to existing genera. 

Paianemys Andrews. Upper Eocene (Barton Clay); England. 

Geoemyda Gray {Geoliemys Matsumoto). Eocene ; Kydchu, Japan. 

Emys Dum^ril (Lutremys Gray) (Fig. 408). Neural bones short, hexagonal ; 
nuchal not distinctly emarginate. Plastron united to the carapace by ligament, 
and more or less hinged in the adult. Probably Eocene to Kecent, though 
some of the fragmentary fossils referred to this genus may belong to Clemmys 
Wagler and Ocadia Gray. Ocadia is recorded from the Pliocerm of Wadi 
Natrun, Egypt. Emys orbicularis Linn. sp. occurs in the Pleistocene of 
southern England, below peat in Norfolk, and in peat deposits in southern 
Sweden. 

Chrysemys Gray. Recent and Pleistocene in North America, doubtfully in 
London Clay (Lower Eocene), England. 

Echmaternys Hay. Eocene ; North America. 

Polyechmatemys Ping. Upper Tertiary; Hopei (Chihli) Province, China. 

Graptemys Agassiz. Oligocene to Recent ; North America. Trachemys 
Agassiz. Miocene to Recent ; North America. Terrapene Merrem. Pleisto- 
cene and Recent ; North America, 

Ptychogaster Poriiel. Neural bones alternating in size ; costals alternately 
long and short at their inner and outer extremities ; nuchal emarginate. 
Hyoplastrals united to the carapace by suture, the hypoplastrals joining it by 
a straight ligamentous union, and movable upon a transverse hinge. Oligocene 
or Lower Miocene ; France. 

Clemmydopsk Boda. Lower Pliocene ; Sopron, Hungary. 

^ Andrews, (J. W,^ Paiammys hartonemis. Ann. Maj'. Nat. Hist. [9], vol. v., p. 146, 1920. — 
Oilmore, 0, IF., Nearly complete Shell of Trachemys sctdpta. Pro<!. U.S. Nat. Mus., voi, Ixxvii., 
art. 10, 1930. — Isherg, 0., Da.^^ ehemalige Vorkommen der Sumpfschildkrdte {Emys orbi‘ 
cvlaris L.) in Schweden. Archiv Zool., vol. 21 a, no. 3, 1929. — A>.wton, E. T,, Discovery of 
Emys l\Uaria on the Norfolk Coast. Geol. Mag. [2], vol. vi., p. 304, 1879, — Staesche, K,, Sunipf- 
schildkroten aus hessischen Tertiarablagerungen. Abhandl. Hess. Oeol. Landesanst., vol, viii., 
pt. 4, p. 13, 1928. —Schildkroten des Steinheimer Beckens. Palaeontogr., Siippl.-bd. viii., pt. 
ii.A, 1931.— G, de, Emys cwneri. Boll. Soc. Zool. Ital. [2], vol. iii., p. 87, 1902. — 
PiyehogasUr iniocenici della Francia. Palaeont. Ital., vol. ix., p. 61, 1903. 
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Cistudo Fleming ; Cydemys Bell. Recent. Damonia^ JMUa, AHcoria, Ilardella^ 
Cacliuga Gray. Pliocene (Siwalik Formation) and Recent in India. 

Family 4. Testudinidae.' {Ghersidae,) Land Tortoise’s. 

Skull with open temporal fossae ; otic notch of quadrate closed hehvnd. Shell 
completely ossified even in the young, more or less ovoid, and covered with epidermal 
shields. Plastron sniurally united with the marginals; an entopJastron pi'esemt. 
Sternal bridge long, sternal chambers very slightly developed ; anterior and- posterior 
extremities of hyo- and hypo-plastrmi little extended inwards ; marginals of bridge 
with median processes interlocking with the rib-ends. Pubic and, ischiadic sympihyses 
firmly connected with each oilier. Limbs with free digits, which are stout and 
moderately elongate', terminal claws four or fire. Second and third digit of pes never 
with more than two phalanges. Eocene to Recent. 

The distribution of the existing Testudinidae is nearly tlie same as that 
of the Emydidae. Gigantic forms of Testudo survive on the Galapagos Islands, 
Aldabra, Mauritius, Seychelles, and Kodriguez. 

Cinixys Bell {Kinixys Bell ; Cinothorax Fitz.). Posterior portion of carapace 
movable in the adult, hinged between the seventh and eighth marginals and 
the fourth and fifth costals. Gulars distinct. Recent ; Africa. 

Pyxis Bell. Carapace without hinge ; front lobe of plastron mobile. 
Recent ; Madagascar. 

Homopus I)um. and Bibr. Carapace and plastron without hinge. Palate 
without oral ridge. Eocene to Recent. H. scutella H. von Meyer sp., from 
Upper Miocene, Oenitigen, Baden. 

ylchilemysHay. Middle Eocene (Bridger) ; Wyoming, U.S.A. 

Hadrianus Cope. Distinguished from Testudo by the narrow vertebral 
shields, usually hexagonal neural bones, undivided caudal shield, and more 
uniform length of extremities of the costal bones. Eocene ; North America. 

Stylemys Leidy (Fig. 418). Shell with the general characters of Testudo, 
but with all or nearly all of the neural bones hexagonal, with short antero- 
lateral surfaces ; the nuchal not emarginate ; posterior caudals not alter- 
nating in length ; caudal shield undivided. Oligocene to Pliocene ; Western 
United States. S. nebrascxiisis T^eidy, the type species, is very abundant in the 
Oligocene of Dakota, Nebraska, and Wyoming. S. karakolensis Riabinin. 
Lower Tertiary ; Turkestan. 

Simhadrianus Ping. Upper Eocene ; Honan, China. 

Testudo Linn. {Colossochelys Falc. and Caut. ; Manouria Gray ; Xerohaies 
Ag.). Neural bones alternating in size ; costals alternately short and long at 
their inner and outer extremities ; nuchal deeply emarginate. Plastron ex- 
tensively united with the carapace by suture ; buttresses short, never extending 

^ Burchard, 0., and Ahl, Riesen-Landecliildkriiten auf Teneriffa. Zeitschr. Deutsch. 
Qeol. Ges., vol. Ixxix., Abh., p. 439, 1928. — Gllnther, -4., Gigantic Tortoises. Proc. Linn. Soc. 
Lond., SesR. 110, p. 14, 1898. — JAxmhe, L. M., New Species of Testudo 8n<i Baena. Ottawa 
Nat,, vol. xix., p. 187, 1906. — New Species of Testudo and a remarkable specimen of Stylemys 
nebraacensis. Loc, cit,^ vol. xxvii., p. 57, 1913. — Lonww, F. JS., Turtle from the Upper Hamson 
Beds. Amer. Joiirn. Sci. [4], vol. xxviii., p. 17, 1909. — Pingy €., New Fossil Land Turtle from 
Honan. Bull. Geol. Soc. China, vol, viii., p. 231, 1929 (1930). — Riabinin, A., Testudo turgaixa 
nov. sp. Trav. Mus. Geol. Acad. Sci. Leningrad, vol. i., p. 53, 1926. — Nouveau Chidonien 
du Tertiaire inferieur des environs dii lac Is«yk-koul. Bull. Oomite Geol. Leningrad, vol. xlvi., 
p. 196, 1927. Photographs of Indian Testudo {Colossochelys) in Natural History (Joum. Amer. 
Mas. Nat. Hist.}, vol. xxxi., p. 183, 1931. 
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beyond the edge of the costals. Vertebral shields broad, costals very short. 
Oligocene to Recent. Some Pliocene species attain gigantic size, the shell of 
T. perpiniaim Dep6ret, from the Pliocene of France, having a length of 12 m., 
and that of T, atlas Falconer and Cautley sp., from the Pliocene of the Siwalik 
Hills, India, upwards of 2 m. Other large species occur in the Oligocene of 
the Fayum, P^gypt {T. ammon Andrews); in the Lower Miocene of British 
East Africa (T. crassa Andrews) ; in the Pliocene of Florida ; and in the Pleisto- 
cene of Southern Spain, Minorca, Teneriffe, Malta, Madagascar, and Argentina. 

A 11 



Leuly. Uivnr OII}4 <k.m'IU‘ ; Htniili Dakota. J, Cam])«ico. />’, riasiron. 

1/3 nat. size (aftci I.euly). 


T, turgaica Riabinin. Miocene; Turga, Siberia. Other species in Miocene or 
Lower Pliocene of Shensi, China. 

Bystra Hay. Upper Tertiary ; Holder, Florida, U.S.A. 


Family 5. Cheloniidae.^ Marine Tiirth's. 

Roof of temporal region of skull complete ; squamosal joining the parietal^ and 
the latter articulating with the postfrontal. Plates from the vomer and palatines 
usually forming a secondary palate beneath the internal nares. Neck shorty head 
not retractile. Shell more or less incompletely ossified, covered with epidermal 
shields. Carapace frequently cordiform ; nuchal without costiform processes ; plastral 

^ DollOf L,<t Eachelone brahantica et J’evolutioii des Chtdoniens Manns. Bull. Acad. lio3\ 
Belg., Classe Sci., no. 8, ji. 1, 1903. — I^eraicre Note sur les Cheloniens Ijandeniens (iJocene 
inferieur) de la Belgique. Bull. Mus. Roy. Hist. Nat. Belg., vol. iv., p. 129, 1886. — Le genre 
Euclastes, Ann. Soc. G^ol. Nord, vol, xv., p. 114, 1888. — Eosphargis. Bull. Soc. Beige G^ol., 
vol. xxi., Proc.-Verb., p. 81, 1907. — Fucini^ A., La Okelone sunumdai Portis. Palaeont. Ital., vol. 
XV., p. 101, 1909, — Ltmgmanj H, A., Giant Turtle from the Queensland Lower Cretaceous. Mem. 
Queensland Mus., vol. iii., p. 24, 1915. — Miauri, A,, Nuovo chelonio del calcare miocenico 
di Lecce {Eudastea meMi Misuri). Palaeont. Ital., vol. xvi., p. 119, 1910. — Owen, R., Extinct 
Chelonian Reptile {Notochelya coatata Owen) from Australia. Quart. Journ. Geol. Soc., vol. xxxviii., 
p. 178, 1882. — Ruachkamp, F., Schadel von AUopleuron {Chelane) Hoffmanni Gray. Palaeont. 
Zeitschr., vol. vii., p. 122, 1926. — MHeland, G, R,, Structure of the Upper Cretaceous Turtles of 
New Jersey; Lytoloma, Amer. Journ. Sci. [4], vol. xvHf., p. 188, 1904, — Oateopygia and 
Propleura, hoc, di,, vol. xviii., p. 118, 1904. 
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hones nine^ distinct from the carapace^ and with vacuities and digitate lateral 
extremities. Limbs paddle-shaped^ phalanges without condyles^ terminal claws 
reduced to one or two. Supramarginal shields present, and sometimes an inter gular. 
Cretaceous to Recent. 


Osteopygis Cope {Catapleura, Propleura Cope). Carapjice extensively ossified ; 
marginals in eleven pairs. Upper Cretaceous; 

New Jersey, U.S.A., and Patagonia. 

Wiman. Lower Cretaceous; Shantung, 

China. 

Cratochelone Longman. Limb bones of giant 
turtle from Lower Cretaceous of Queensland. 

Allopleuron Baur (Fig. 419). Carapace long and 
narrow, nuchal deeply emarginate, neurals short 
and wide with a long keel ; marginals long and 
slender. Upper Cretaceous ; Maastricht, Holland. 

Notochelone Lydekker {Noiochelys Owenmc Gray). 

Cretaceous ; Flinders River, Queensland, Australia. 

Peritresius Cope. Shell coarsely sculptured. 

Upper Cretaceous ; New Jersey and Georgia, U.S.A. 

Eochelone Dollo. Skull broad and depressed ; 
orbits lateral. Carapace elongated, not keeled. 

Middle Eocene ; Belgium. 

Lyioloma Coi)e {Enclastes, Puppigerus Cope ; 

Glossorhelys Seeley ; Erqaelinnesia, Pacltyrhynclms 
Dollo). Skull resembling that of Thalassochelys, 
very broad and depressed, with orbits far forwards. 

Carapace rounded posteriorly, vacuities of shell 
smaller than in Thalassochelys ; epiplastrals narrow ; 
exposed portion of entoplastron very short ; xiphi- 
plastrals uniting extensively in the median line. 

Upper Cretaceous ; New Jersey, U.S.A. Eocene; 

Belgium and England. 

Proeretm,ochelys DoWo. J\ jessmiiliyd. Cam- 
bridge Greensand. 

Argillochdys Lydekker. Skull short and wide. 

Shell and bones of the pectoral arch similar to those of Thalassochelys, 
except that the carapace has but four costal shields, and the xiphiplastrals unite 
extensively along the median line. Eocene ; England. 

Eosphargis Lydekker. Skull broad and flat, relatively large ; palate as in 
Dermochelys. Carapace much reduced. E. gigas Owen sp., with skull 33 cm. 
in extreme width. Lower Eocene (Tx)ndon Clay and Ypresian) ; Sheppey 
and Belgium. 

Thalassochelys Fitzinger (Caretta Raf.) (Fig. 420). Carapace with vacuities 
more or less obliterated ; at least five pairs of costal shields. A series of 
inframarginal plastral shields present. Eocene to Recent. 

Chelone Brongniart {Mydas Gray ; Cimochelys Owen) (Fig. 406). Skull 
comparatively long, narrow, with orbits lateral. Shell cordiform or pointed 
at both ends, with four costal shields, the plastral vacuities persisting for a 
long period. An intergular and a series of inframarginal shields present. 
Upper Cretaceous to Recent. 



Fkj. 41U. 

Alhiphurov- hoffmanni Gray sj). 
rortifjii of (rarajiacK. Up|M*r Cn'tji- 
crous ; Muastriclit, Holland. J/y nat. 
sizt'. 



316 


REPTILIA 


CLASS ni 


Glyptorhelone Dollo. Upper Cretaceous ; Limbourg, Belgium. Lemlmiax 
Cope. Eocene ; North America. CJielyopsis van Beneden, Oligochelone Dollo. 



FlO. 420. 

Thalaasochelys earetta Llnii. sp, V(‘ntml aspwt of tlu* plant ron ifinovi^d. Ilect'iit ; Meriitermiifun. 

Cor, coracoul ; II, hunimiH ; /'5«, acromion; H, rudiuH ; Sc, scapula; V, ulrui. 


Oligocene ; Belgium and Northern Germany. Syllomns Cope ; Procolpochelys 
Hay. Miocene ; North America. 

Family 6. Toxochelyidae.^ 

A,s Cheloniidae, but no secondary palate^ fore foot with at least two claws^ and 
phalanges with condyles. Upper Cretaceous. 

According to Hay, the shell is not excavated above the fore limbs as in 
the Cheloniidae^ showing that these limbs were not habitually used for 
swimming. 

Toxochelys Cope, Mid-line of carapace with a prominent keel, rising 
at intervals into tubercles, of which some are distinct dermal bones. 
Marginals scarcely or not in contact with the ribs. T. latiremi^ Cope, and 
other species. Upper Cretaceous ; Kansas, U.S.A. Perhaps also in Aptian, 
Hanover. 

Oynocermis Cope. Upper Cretaceous ; Kansas. 

' Oertet, W., Toxochelys giganfea nov. sp., eine neue Schildkrdte ausdem Aptien von Hannover. 
7 Jahreab. Niedersachs. Geol. Ver. Hannover, p. 91, 1914. — Wieland, (J. /J., A new Niobrara 
Toxochdya^ Amer. Joum. Sci. [4], vol. xx., p. 325, 1905, 
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Family 7. Protostegidae.i 

Hoof of temporal region of skull CAymplete ; parietals with descending plates ; no 
secondary jialate. Carapace greatly reduced, hut a row of marginals. Plastron very 
strongly developed and composed of thick ossifwMions, hut with a large median fonta- 
nelle. Humerus with the radial pi'ocess shorty hluntj and approximated to the head. 
Paddles as in Cheloniidae. Upper Cretaceous and Lower Tertiary. 

Protostega Cope. Descending parietal plates well developed. Premaxil- 
lary beak not prominent; maxilla with broad grinding surface. Carapace 
intermediate between Dermochelyidae and Cheloniidae, with several primitive 
characters regarded as ancestral to both. Plastron with larger bones and 
a much smaller fontanelle than in Dermochelys. Body elongate, the posterior 
end truncated. Post-axial border of humerus more or less (leeply emarginate. 
P. gigas Coj)e, and other species. Upper Cretaceous ; Kansas, U.S.A. 

Archelon Wieland (Fig. 421). Larger than the preceding, with a strong 
premaxillary beak, and the crushing surface of the upper jaw chiefly on the 
premaxillae. Neural plates very thin, with a row of thin dermal plates 
above them. Hyoplastra and hypoplastra fringed with numerous digitations. 
A. ischyros Wieland, with carapace nearly 2 metres long and broad. Pierre 
Cretaceous ; South Dakota. 

Profosphargis Capellini. Skull unknown. Body skeleton similar to that 
of Protostega, but bones of plastron more slender, and median fontanelle 
larger. Uppermost Cretaceous ; near Verona, Italy. 

Pseudosphargis Dames. Skull flat and wide, like that of the Dermochelyidae, 
but with descending parietal processes. Oligocene ; Germany. 


Family 8. Dermochelyidae.2 {Atluicae (!<>])e.) Leathery Turtles. 

Roof of temporal region of skull complete ; parietals without descending plates ; 
parasphenoid very large ; no secomlary palate. Epidermal shields absent. Carapace 
of numerous mosaic-like dermal plates, wholly unconnected with the vertebrae and 
ribs. Plastron without entoplastral bone, usually covered with mosaic of dermal plates. 
Humerus flattened; limbs paddle-shaped, clawless, the digits of the manus much 
elongated ; phalanges without condyles. Tertiary and Becent. 

^ Oapeliiid, (),, II cheloaio Veronese, Protosphargis reroeensis. Mem. K. Accad. Liiicei, Cl. 
Sci., vol. xviii., p. 291, 1884. — Le Piastre marjjiuali della l*rotnsphargis verone.nsis. Kendic. R. 
Accad. Sci. Istit. Bologna, vol. ii., p. 97, 1898. — Case. K. V.. Osteology and Relationship of 
Protostega. Journ. Morph., vol. xiv., p. 21. 1897. — tlJoy. O. /^, Protostega, etc. Ainer. Nat., 
vol. xxxiii., p. 929, 1898. — Nopesa, F., Beckeii uiid Nuchale von Protosphargis. (-eutralbl. f. 
Min., etc., 1926, Abt. B, p. 285. — Wiehind, G. R.. Archelon Lschi/ro.s. Ainer. Journ. Sci. [4], vol. 
ii., p. 399, 1896.— Also loc. cit, vol. v.. p. 15, 1898 ; vol. i.x., p. 237, 1900 ; vol. xiv., p. 95, 1902 ; 
vol. XV., p. 211, 1903.— Osteology of Protostega. Mem. Carnegie Miis., vol. ii., p, 279, 1906. — 
Revision of the Protostegidae.. Amer. Journ. Sci. [4], vol xxvii., ]>. 101, 1909. 

Andrews, C. W., New Species of Zeuglo<lont and of Leathery Turtle from the Eocene of 
Southern Nigeria. Proc. Zool. Soc., 1919, p. 314, 1920. — hollo, L., Psephophorns. Ann. Soc. 
Sci. Bruxelles, 1887, p. 1. — Premiere Note sur les chcloniens oligoecnes et neogenes de la 
Belgique. Bull. Mus. Roy. d’Hiat; Nat. Belg., vol. v., p. 59, 1888.— Sur Porigiiie de la tortue 
Luth {hermoMys coriacea). Bull. Soc. Roy. Sci. Medic, et Nat. Bruxelles, 1901, p. 1.— Palmer, 
W., New Specie.s of Leatherback Turtle from the Miocene of Maryland. P*roc, U.S. Nat. Mus., 
vol. xxxvi., p. 869, 1909. ^;^eley, H. O., Psephophorns polygo7ius v. Meyer. Quart. Journ. Geol. 
Soc., vol. xxxvi., p. 406, 1880. — V&rsluys, J., Affinities of the Leathery Turtle, Dennochelys 
coriacea. Rep. Brit. Assoc, (Birmingham, 1913), p. 791, 1914. — Vtilker, H., tJber das Stamm-, 
Gliedmassen-, und Hautskelett von Dermochelys coriacea. Zool. Jahrb., Anatom. Abth., vol. xxxiii., 
p. 477 1913. 
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Cosmochelys Andrews. Tesserae of carapace radially sculptured ; only 
two rows of smaller tesserae between the keeled rows. Rudiments of neural 
and costal plates beneath. C. dolloi Andrews. Lower or Middle P]ocerie ; 

^ Ombialla district, S. 

Nigeria. 

Fsephophmiis II. v. 
Meyer {Macrochelys van 
Beneden nec Gray). 
Skull shorter, thicker, 
and relatively larger 
than in Dermochelys ; 
shell com})letely tessel- 
lated, sculptured ; scutes 
of the larger longitudinal 
rows of the carapace 
without carinae. Eocene 
to Pliocene ; Europe. 
Upper Eocene ; Egypt, 
and Alabama, U.S.A. 
Miocene; Maryland, 
U.S.A. 

Dermochelys Blv. 
(Sphargis Merrem). Cara- 
pace completely, plastron 
incompletely bony in the 
adult, the former with 
seven, the latter with five 
keels ; tesserae between 
the keels very numerous ; 
plastral elements eight. 
Recent; Atlantic, Pacific, 
and Indian Oceans. 


Sub-Order 4. 
TRIONYOHOIDEA. 

I'ernporal region of 
skull without roof; descend’ 
mg parieto-pterygoidal pro- 
cesses present. Pterygoids 
hroad throughout^ separated 
from each other^ the hasi- 
sphenoid joining the pala- 
tines. Cervical vertebrae 
without transverse processes. 
Neck bending by a sigmoid 
curve in a vertical plane. Sacral and caudal ribs generally attached to well-developed 
transverse processes of the neural arches. Pelvis free from the carapace and plastron. 
Nev/ral and costal plates usually forming an incomplete carapace ornamented with 
coarse vermiculating sculpture ; epidermal shields usually absent^ when present rudi- 



Firs. 421. 

ArcheUm ischyros W ieland. A , DorHal aspect. B, Ventral aspect. Upper 
Cretaceous ; South Dakota. £, eiitoplastron ; /f, hyoplastron ; Hy^ 
hypoplastron ; M, marginal ; N, nuchal ; rib ; Sn, supraneural plate. 
1/48 nat. size (after Wieiand). 
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rnentary. Feet wehhed, the fourth digit with at least four phalanges^ and not more 
than the three inner digits clawed. Marginal plates typically absent^ rarely forming 
an incomplete series^ and rarely connected with the ribs. Nine plastral elements ; epi- 
plastra separated from the hyoplastra by the A^shaped entoplasiron. 

The group of three-clawed mud turtles appears first in the Upper Creta- 
ceous of North America, and next in the lowest Tertiary strata of both Europe 
and North America. Some of the ancestral Cretaceous forms have a complete 
carapace with rudimentary thin epidermal shields, and connect the Triony- 
choidea with the Cryptodira. Typical Trionychidae, however, occur abundantly 
in the uppermost Cretaceous formations of North America. 

Family 1. Oarettochelyidae.^ 

Marginal plates present, connected both with the ribs and the reduced plastron ; 
sometimes rudiments of epidermal shields. Eocene to Recent. 

Carettochelys Ramsay. Without epidermal shields. Only two claws. 
Living in New Guinea. 

Anosteira Leidy. With thin epidermal shields. Eocene ; North America, 
and Messel, near Darmstadt. Oligocene ; Hordwell, England. 

Pseudotrionyx Dollo {] Apliolidemys Pomel). Without epidermal shields. 
Suture between hypoplastral and xiphiplastral straight. P, delheidi Dollo. 
Middle Eocene ; Belgium. Also Lower Eocene (London Clay) ; Sheppey. 

Family 2. Trionychidae. 2 

Skull depressed, (he small orbits directed more or less upwards and close to the 
nares ; squamosal and supraoccipital with very long posterior processes, Plastrmi 
distinct from the carapace, usually with large vacuities ; marginal qdates absent or 
rudimentary. Humerus much curved. Upper Cretaceous to Recent. 

The existing members of this family are fluviatile, and distributed in the 
tropical and temperate zones of all the continents except Europe, South 
America, and Australia. 

^ Dollo, L,, Premiere Note sur les Chelonieiis du Bruxellieii (i^loceiie Moyen). Bull. Mus. Roy, 
d’Hist. Nat. Belg., vol. iv., p. 75, 1886. — llarrassoivitz, II. L. F., Eoziine Scliildkroten von Messel 
bei Darmstadt. Centralbl, f. Min., etc., 1919, p. 147. See also Abh. hess. geol. Laudesanst., 1922. 
— Versluys, J., Eine lebemle Anosteiride, Carettochelys insculpta Ramsay. Palaeont. Zeitschr., 
vol. V., p. 97, 1922. — Walthcr,W, O., Die Neu-Guinea-Schildkrdte Carettochelys inscnlpta Ramsay. 
Nova Guinea, vol. xiii,, Zool., livr. v., Leiden, 1922. 

* Andrews, C, W., Cyclodernia, Quart. Journ. Geol. Soc., vol. Ixx., p. 183, 1914. — Arthaber, 
(h von. Trionyx rostratus, etc. Beitr. Palaeont. Osterr.-Ungarns, vol. xi., p. 179, 1898. — 
GUtnore, C, IF., New Species of Aspidexetes from the Belly River Cretaceous of Alberta. 
Trans. Roy. Soc. Canada [3], vol. xvii., sect, iv., p. 1, 1923. — Ileritsch, F., Jungtertiare Trionyx- 
reste aus Mittel-Steierinark. Jahrb. k. k. geol. Reicksaust. Wien, vol. lix., p. 333, 1909. — 
Hwnnmxl, K,, Allgemeine Ergebnisse von Studien iiber fossile Weichstdiildkrdten (Trionychia). 
Palaeont. Zeitschr., vol. x,, p. 63, 1928 ; also Die fo-ssilen Weichschildkrdteii (Trionychia). Geol. 
u. Palaeont. Abhandl., n.8. , vol. xvi., pt. 6, 1929. — Lawbe, L. M., On Trionyx firveatus Leidy and 
Trionyx vagans Cope, from the Cretaceous Rocks of Alberta. Summary Rep. Geol. Surv. Canada, 
1901, p. 1, 1902. — Lielnis, A,, Neue Schildkrutenreste aus den tertiiiren Siisswassertonen von 
Prescheu bei Bilin in Bohmeii. State Geol. Surv. Cbecoslovak Repub., mem. 4, 1980. — 
Mimri, A., Nuovo Trionichide delP arenaria miocenica del Bellunese. Perugia, 1911. — Negri, A., 
Trionici eocenici ed oligocenici del Veneto. Mem. Soc. Ital. Sci. Napoli, vol. viii., p. 6, 1892. — 
Ruasell, L, S,, New Species of AspUleretea from the Paskapoo Formation of Alberta. Amer. 
Journ. Sci. [5], vol. xx., p. 27, 1930.— iSooco, F., Trionici di Monte Bolca. Atti R. Accad. Sci. 
Torino, vol. xxix,, p. 664, 1894. — Trionici di Monteviale. Loc. eit., vol. xxx., p. 541, 1896. — 
Teppner, W,, Zur pbylogenetischen Entwicklung der protriunguiden Trionyciden des Tertiars. 
Centralbl. f. Min., etc., vol. xiv., p. 628, 1914. 
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Helopanoplia Hay. 
Plastomemis Cope. 



Flti. 4 

Triimyjt atyriarus IinpciiVcl i'.ujijkum* and cast r»f ribs. 

Miocnnn ligiiit<^s ; Kbiswnld, Styrin. l/* tiat. sizn (aft^r Pt‘tnis). 


Cretaceous and Paleoceiie forms 


Laramie (Lance) Cretaceous ; Wyoming, U.S.A. 

A preneural plate between the nuchal and first 
neural. Plastron without median 
fontanelle. Upper Cretaceous 
and Lower Eocene ; North 
America. 

Conrhochdt/H Hay. Jaws with 
broad crushing surfaces. Puerco 
Eocene ; New Mexico, U.S.A. 

A x e .s i e m y ^ Hay {Ax e .s / u $ 
Cope). Plastron smoot h ; nuchal 
])late partly 8e])arated from 
costals by fontanellos. Eocene 
((L een Jliver Shales) ; Wyo- 
ming, U.S.A. 

femnotriiniyx Hay. Maxilla 
bearing sharp ridge parallel with 
cutting edge. Middle Eocene 
(Hridger) ; Wyoming, , U.S.A. 

Trionyx Geotfroy {Amyda 
Oken ; yiulacorltefys Lydekker ; 
Aspiderefes Hay; Castresia do 
Stefatio) (Fig. 422). Eight ])airs 
of costal plates, no marginals. 
{yhpiderefes Hay) with a preneural i)late. 


Found throughout the Tertiary formations, and living in the rivers of Asia, 
Africa, and North America. 

Cycloderma Peters. Miocene to Recent ; Africa. C. vieforiae Andrews. 
Lower Miocene; near Victoria Nyanza. 

Chitra and Emyda Gray. Pliocene and Recent ; India. 


[Tablk 
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VERTICAL RANGE OF CHELONIA. 


Families. 

.Si 

*3S 

.2 

H 

Jurassic. 

Cretaceous. 

a 

c 

O! 

1 

Neogene. 

Recent. 

Amphiohklydia. 


1 





1. TruusochelyUlae ...... 

■1 

1 





2. Proterochersidae ...... 

■ 

1 





3. PleurnsterniHae ...... 

4. Baenuiae ....... 


1 1 





5. KallokihotUdae ...... 



■1 




Plrurodira. 







1. Plesiodiefyidae ...... 


■ 

■ 




2. Thalasseim/dul(te . • , • 

■■ 

miiiiim 




3. Mwlaniidae ...... 

i 

1 

? 


- 

- 

4. PeloiMduaulae ...... 

1 



HHHI 


5. Bothremydidae ...... 

1 

1 

i 

■I 




6. (Ihelyidm ....... 

1 


■Hi 


HM 

CUYPTODIRA. 

i 

! 





1. Chdydridae ...... 

i 





2. Permatc.mydidae ..... 

! 




MHil 

3. Kmydidac 







4. TesUtdinidae ...... 







5. Chelmiiidde ...... 







6. Toxochelyiiiae ...... 



- 




7. pTotostegidae ...... 



IH 

HHIH 

Mi 


8. Dermochelyidae ...... 

1 






Trio.vyohoidea. 







1. Carettochelyidae 







2. Trionychidae ...... 



■■11 


* 

*** 





■■■■ 1 




Order 9. RHYNCHOCEPHALIA. 

Long-tailed, short-necked reptiles, with limbs ioo feeble for habitual support of 
the body. Roofing boms of the temporal region of the skull contracting into an upper 
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and a lower arch ; quadrate firmly fixed, buttressed by the pterygoid. Frontal and 
parietal boms paired. Teeth fused with jaw, rarely in deep sockets; numerous 
palatal teeth, Fertebrae usually amphicoelous, often ivith inter central wedge-bones ; 
cervical ribs double-headed, dorsal ribs single-headed , two rertehrae in sacrum. 
Pectoral arch with clavicles and interclavicle, elongated scapula, and short and hi'oad 
perforate cmmoid, no ossified precoracoid, Jbdominal ribs present in three 
longitudinal series. All three pelvic bones entering the acefahu/um, which is not 
perforate. Fifth metatarsal much shortened, ami somewhat expanded. 

The existing genus Spheiwdon (llatteria) of New Zealand is the sole 
survivor of an ancient and primitive Order of reptiles which attained its 
maximum specialisation in the Trias. Most of them, like Sphenodon, seem to 
have been amphibious, spending much time under water. The Jurassic Pleuro- 
saurus and Sapheosaurus must have been good swimmers ; while the Cretaceous 
Champsosanridae and the Triassic Thalattosauridae were adapted for life in the 
open ocean. The earliest known fossil which may belong to the Order is an 
imperfect skeleton, from the Upper Permian (Kupferschiefer) of Mansfeld, 
described as Palaeochamaeleo Weigelt, with a skull about 6 cm. long. The 
gently rounded postero-lateral border of the skull, supposed to be formed by 
the quadrate- jugal, is fringed with a regular row of sharply pointed triangular 
spines.^ Coelurosaurams Piveteau, with a similarly spiny posterior cranial 
border, from the Permian of Madagascar, seems to be a nearly related genus. 

The body in Ehynchocepbalians is lizard-like, loiig-tailed, sometimes scaly ; 
the vertebral centra are amphicoelous or ami)hiplatyaii, sometimes with 
persistent notochord, and often with small intercentra (hypocentra). The 
neural arches arc well ossified, and zygapoj)hyses and diapoj>hyses usually 
conspicuous. Most of the cervical ribs are double-heatled, all those of the 
trunk single-headed ; sometimes the latter bear uncinate processes. Three 
longitudinal series of abdominal ribs occur between the limb girdles, and 
correspond to the ventral armouring of Stegocephalians. 

The skull (Fig, 339, p. 236) is remarkable for the large size of the orbits and 
temporal vacuities. The upper temporal arch is formed by the postorbital and 
squamosal, the lower arch by the quadrato-jugal and jugal. The quadrate is 
always fixed, and buttressed by the pterygoids, which extend forwards to the 
vomer. In the Ehynchosauridae F. von Huene identifies a narrow tabular bone 
at the hinder lateral angle of the skull. The brain cavity is of small size, and 
roofed by the narrow parietals, between which and the pterygoids is a vertical 
columella (epipterygoid). A pineal foramen is often present. The external 
nares are almost terminal in position, except in the 7%alattosa.urulae in which 
the premaxillae are elongated. Vomers, palatines, and pterygoids together form 
an extensive bony palate. Acrodont teeth occur in regular series on the narrow 
premaxillae, maxillae, and mandible, and on various bones of the palate. Occasion- 
ally the teeth are inserted in shallow alveoli, and very rarely are absent altogether. 

The pectoral arch is incompletely ossified. The scapula is represented by 
an elongated rectangular bone, and the inner border of the small elliptical 
coracoids remains cartilaginous. The clavicle is a slender bent rod connecting 
the scapula with a large rhomboidal or T-shaped interclavicle, which overlies 
the cartilaginous sternum. The distal end of the humerus is pierced in the 

^ Mutne, F. von, Palaeochamaeleo und Coelurosauravus, Centralbl. f. Min., etc., 1980, Abt, B, 
p. 440. — Weigelt, J,, Palaeochamaeleo Jaekeli nov. gen. nov. sp. Leopoldina (Halle), vol. vi., 
p. 626, 1980. 
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fossil forms by an entepicondylar foramen or groove, but in Sphenodon both 
entepicondylar and ectepicondylar foramina occur. In general the articular 
surfaces of the humerus, radius, and ulna are not completely ossified. Five 
distinct elements occur in the distal row of the carpus, and two centralia are 
often present. The feet are five* toed, and the phalangeal formula of Sphenodon 
is 2, 3, 4, 5, 3 (4). 

The ])elvic arch consists of a small, nearly vertical ilium, a discoidal pubis 
with obturator notch, and a somewhat expanded ischium, which remains 
separated from the pubis. Both pubis and ischium are imperfectly ossified 
among the earlier forms. The hind limb is somewhat longer than the fore 
limb, and resembles that of Lacertilians. 

Family 1. Rhynchosauridae.^ 

Skull short and hroad^ with a hcak-like. rostrum fcrrmed by the slender^ toothless 
prcmaxillae ; external narial opening single^ terminal; no pineal foramen; teeth 
lou\ conical^ or pyramidal, in one or more rows on the tooth-hearing hones, Puhis 
and ischium in form of extended plates, Triassic. 

Rhyncdiosaurus Owen. Skull slightly longer than broad ; the slender 
rostrum sharply curved downwards ; the large orbits partly directed upwards, 
with everted rims, suggesting aquatic habits. Splenials entering the toothless 
mandibular symphysis. A single row of teeth on the dentary, probably also 
on the maxilla and palatine. Vertebrae deeply amphicoelous, seven or eight 
cervicals and about fifteen rib-bearing trunk vertebrae; intercentra not observed. 
Kibs without uncinate processes. Hind limb larger than fore limb and femur 
sigmoidally bent. Covered with polygonal or irregularly rhombic epidermal 
scales, each with a slight central boss. R, articeps Owen, with skull 6 to 
7 cm. in length, known by skeletons lacking only tail. Keuper ; Grinsill, 
Shropshire. Footprints in Keuper of other English localities (Rhynclw- 
sauroides Maid well emend. Nopesa). Aniipas Hitchcock. Similar footprints. 
Triassic ; Massachusetts. 

Hyperodapedon Huxley (Parasuchus Huxley) (Fig. 423). Skull at least 
as broad as long, with rostrum sharply curved downwards. Two or more 
rows of teeth on maxilla and on palatine. About twenty-four presacral 
vertebrae, of which six or seven are cervical. H, gordoni Huxley, known by 
stout skeleton about 2 m. long. Upper Triassic ; Elgin, Scotland. Fragments 
of other species in Trias of Devonshire, Warwickshire, and the Maleri Beds 
of central India. 

Stenometopon Boulenger. Premaxillary rostrum not curved downwards, 
nasal bones reduced or absent. Upper Triassic ; Elgin, Scotland. 

Scaphonyx A. S. Woodward. Skull about as long as broad, with rostrum 

' Bo%d^.nger, G, A., Reptilian Remains from the Trias of Elgin. Phil. Trans. Roy. Soc., 
vol. exevi. B, p. 175, 1904. — Broom, R., Howesia, Proc. Zool. Soc., 1906, p. 591. — Ilaughton, 
S. U,, Skull anti partial Skeleton of Mesoswhns brovmi Watson. Trans. Roy. Soc. S. Africa, vol. 
xii., p. 17, 1925. — Hueiie, F, von, Gondwana-Reptilien in Siidamerika [revised in following memoir, 
1929]. Palaeontologia Hungarica, vol. ii., p. 1, 1926. — Rhynchosaiirier und andere Reptilien ans 
den Gondwana-Ablagerungen Siidamerikas. Geol. u. Palaeont. Abhandl., n.s., vol. xvii., p. 1, 
1929. — Huxley, T. H., Hyperodapedon. Quart. Journ. Geol. Soc., vol. xxv., p. 138, 1869; and 
loc, cU., vol. xlii., p. 676, 1887. — Watson, D, M, S,, Skull of Rhynchosauru^. Rep. Brit. Assoc., 
1909, p. 155,T9io. — Mesosuchus hrowni. Rec. Albany Mus., vol. ii., p. 296 [revised by Broom 
in Proc. Zool. Soc., 1918, p. 627]. — Woodward, A, S,, Rhynchosaurus articeps (Owen). Rep. 
Brit. Assoc., 1906, p. 293, 1907. 
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sharply curved downwards, and teeth of maxilla and palatine in more than 
one series. Not yet defined. Also Cephalotiia, CepJialasiron, Ceplialastronins, 


A 



and Scaphonychmim F. von Hiiene. 
Triassic ; Santa Maria, Kio Grande 
do Sul, Brazil. 

1 Eifelosaiirus Jaekel. Bun ter 
Sandstone ; Eifel, Germany. 

'i Gampsodactylmn Nopesa, 

According to S. H. Haughton and 
F. von Huene, the following genera 
belong to a distinct but closely related 
family also with a single external 
narial opening : 

Howesia Broom. Kows of teeth 
on dentary, maxilla, and pterygoid, 
but palatine apparently toothless. 
Rudimentary pineal foramen. Kar- 
roo Formation {Cynognathus Zone); 
Aliwal North, S. Africa. 

Mesosuchusy^ ixt^on emend. Broom. 
Two teeth in promaxilla. Jugal 
slightly separated from quadrato- 
jugal, leaving gap in lower temporal 
arch. Small pineal foramen. Karroo 
Formation; Aliwal North. 


Fio. 423. 


Hyjferoilapedon gordoni Huxley. A, Upper aspect of 
skull. /{, Palate. C, Mandibular symphysis from below. 
Upper Trias; Elgin, Scotland. A, orbit; Md, man* 
dibniar fork; Mx, maxilla; N, narial o^iening; P£, pala- 
tine; PiiiXf premaxilla; S, supraternpornl viicufty ;* S', 
lateral temporal vacuity. 1/4 nat. size (after Huxley), 


Family 2. Sphenodontidae.^ 


Premaxillae forming heak-like ros- 
trum ; external narial opening paired^ 
far forwards; a. pineal foramen; a 
co'ronoid jmcess in mandible; teeth in 
one row on the maxilla, palatine, and dentary. VerteWae amphicoelons, with 
numerous intercentra. Pubis and ischium less primitive than in the Rhyncho- 
sauridae. Triassic to Recent. 


Brachyrhinodon F. von Huene. Rostrum comparatively short, orbits very 


^ Atuvum, L, von, Homoeosaurus tnaximUiani. Abluindl, k. bayer, Akad. Wiss., niath.- 
naturw. Cl., vol. xv., p. 499, 1885. — Andreae, A., Acrosaurus frischmanni. fiericht Seuckenberg. 
Naturforach. Ges. Frankfurt, 1893, p. 21. — Barbour, T. H., and Betso7i, H. (J., Squamation of 
ffomomsaurus. Bull. Mus. Comp. Zoo]. Harvard, vol. Ixix., p. 99, 1929. — Boid^nf/er, O. A., Sur 
le genre Saphaeosaurus. Comptes Rend us Acad. Sci. Paris, vol. 169, p. 606, 1919. — Broili, F., 
Ein neuer Fund von Plmrnsanrus. Abhandl. Bayer. Akad. Wiss., niath.-naturw. Abt., vol. xxx., 
8 Abb., 1926. — Dames, W., Gattung Pleurosaurus. Sitzb. k. preuss. Aka<l. Wiss., vol. xlii., 
p. 1107, 1 896. — O., Chometokadvwn. Palaeont. Italica, vol. xxi., p. 47, 1916. — 
Oilmore, O, W., New Rhynchocephalian from Jurassic of Wyoming. Proc. U.S. Nat. Mus., 
vol. xxxvii., p. 36, 1909. — O anther. A., Anatomy of ffatteria. Phil. Trans. Roy. Soc., vol. clvii., 
p. 595, 1867. — Howes, Q, B., and Swinnerton^ H. II., Development of Skeleton of Sphenodon. 
Trans. Zool. Soc., vol. xvi., p. 1, 1901. — Huene, F. von, Brachyrhinodon taylori. Neues 
Jahrb. f. Min., etc., 3910, vol. ii., p. 29 ; also he, cit., 1912, vol. i., p. 61. — Lortet, L., Reptiles 
fossiles du bassin du Rhone. Archives Mus. Hist. Nat. Lyon, vol. v., p. 1, 1892. — Simpson, O. Q,, 
American Terrestrial Rhynchocephalia. Amer. Joiirn. Sci. t6]f vol. xii., p. 12, 1926. — 
Stmmz, O., Die Praparation eines Pleurosaurus Skeletts. Natur u. Museum, Frankfurt, vol. 
Mi., p. 116, 1928. — Watson, D. M. S., Pleurosaurus. Ann. Mag. Nat. HisL [S'], vol. xiv., 
p. 84, 1914. 
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large. About twenty-five presacral vertebrae. B, taylori Huene, about 20 
cm. long. Upper Triassic ; Elgin, Scotland. 

Folysphemdon Jnelio]. Middle Keuper ; Hanover. 

Palacrodon Broom. Upper Beaufort Beds {Cynognathus Zone); South Africa. 

llomoeosmirus H. v. Meyer (Fig. 424). Differing from the Recent 
Sphenodon in absence of intercentra, dorsal ribs without uncinate processes, and 
humerus not pierced by an entepicondylar foramen. 

Mandibular rami united at the symphysis by liga- 
ment ; sclerotic ring present; about twenty-five 
presacral vertebrae ; second sacral rib bifid distally. 

According to Barbour and Stetson the scales are 
similar to those on the regenerated tail of Sphenodon, 

H. maximiliani v. Meyer and other species from 20 to 
40 cm. long. Upper Jurassic (Lithographic Stone); 

Bavaria. Kirnrneridgian of Hanover, and Pur- 
beckian of England. 

Meyasaurus Vidal. Upper Jurassic ; Montsech, 

TiC^rida, Spain. 

Jrdeosaurus H. v. Meyer. Ujiper Jurassic (Litho- 
graphic Stone) ; Bavaria. 

Fleuwsaurus H. v. Meyer {Angnisavrvs Munster ; 

Sawrophidium Jourdan). Body serpen tiform, the 
tail forming two-thirds the total length. Snout 
tapering in front. The skull is always much 
crushed, and the temporal region has not yet 
been satisfactorily observed. About fifty jiresacral 
vertebrae, of which eight or nine are cervical ; 
about 120 caudal vertebrae. Fore limbs shorter 
than the hinder pair, both small. P, goldfussi H. v. 

Meyer and P. muensteri Wagner sp. about 1*5 m. 
long. Upper Jurassic (Lithographic Stone); Bavaria, 
and Cerin, France. 

Acrosaurus H. von Meyer may be the young of 
Pletirosaurus, 

OpisfMas Gilmore ; Theretairus Simpson. Lower 
jaws from Upper Jurassic (Morrison Formation); 

Como Bluff, Wyoming. 

Chometokadmon Costa. One known specimen 
shows a regenerated tail. Neocomian ; Pietraroja, 

Ben even to, Italy. 

Sphemdon Gray (Hatteria Gray) (Fig. 339). Inferior border of the large 
orbits formed by maxilla ; a single tooth on either side of the premaxillary 
beak ; twenty-five presacral vertebrae ; intorcentra present between all the 
vertebrae ; ribs with uncinate processes ; humerus with both entepicondylar 
and ectepicondylar foramina or grooves. Recent, inhabiting certain islands 
off New Zealand. 

The following genus may belong to a distinct family : 

SapheosauTus H. v. Meyer {Piocoi'mns Wagner ; Sauranodon Jourdan). 
Jaws toothless, probably sheathed with horn. Pineal foramen not observed. 
About twenty-five presacral vertebrae, supposed to be procoelous. & thioUierei 
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H. V. Meyer about 60 cm. long. Upper Jurassic (Lithographic Stone) ; Cerin, 
France. 

The two following families are of marine Khynchocephalians. The 
Champsosmridae are referred by Cope to a special Sub-Order Chorisiodera, and 
the ThalaUosauridae are regarded by Merriam as forming a distinct Order 
Thalattosanria. 


Family 3. Ohampsosauridae.i 

Skull with elongated gadal-like snouty ami terminal single narial opening into 
which the nasal hones enter ; no pineal foramen ; no cor on old process in m>andihle ; 
splenial entering elongated mandibular symphysis. A single series of large conical 
teethy fluted at the base, on margin of the jawSy and irregular longitudinal series of 

minute teeth on the vomer Sy palatineSy pterygoidsy 
and transverse bones. Vertebral centra com- 
pletely ossijiedy slightly biconcave or amphipJat- 
yatiy and suturally united with their neural 
arches; intercentra only between the cervical 
vertebrae. Interclavicle T-shaped. No vacuity 
betiveen pubes and ischia. Apparently no scales. 
Cretaceous and Lower Eocene. 

Champsnsaiirus Cope (Fig. 425). Ex- 
ternal narial opening bounded by pre- 
maxillae and fused nasals. Maxilla excluded 
from lower border of orbit. Forty teeth 
in each ramus of mandible. Twenty-six 
presacral vertebrae, and first caudal with 
sacral ribs. Humerus with ectepicondylar 
groove instead of foramen. Upper Cretaceous and Lower Eocene of North 
America. 

Simoedosaurus Gervais. Maxilla entering external narial opening and 
also lower border of orbit. Sixty teeth in each ramus of mandible. Only two 
vertebrae with sacral ribs. S. lemoinei Gervais and other species up to 
2-5 m. in length. Upper Cretaceous and Lower Eocene of N, France and 
Belgium. 

Fragments of a Champsosaurian also occur in a deep-sea Cretaceous 
deposit in the Island of Timor, E. Indies. 

Family 4. Thalattosauridae.^ 

Skull with premaxillae forming elongated snouty and paired narial opening dose 
to the large orbits ; a ring of sclerotic plates ; a pineal foramen ; a coronoid process 
in mandible; splenials not entering mandibular symphysis. Teeth on margin of 

^ Brmoriy J5., Osteology of Champaosaurits. Mem. Amer. Mus. Nat. Hist., vol. ix., p. 1, 
1905 . — Dolloy L.y Premi^jre Note siir le Simoedosaurien d'ErqueliDnes. Bull. Mus. Roy. Hist. Nat. 
Belg., vol. iii., p. 151, 1884. — Noiivelle Note sur le Champsosaure. Bull. Soc. Beige Geol., etc., 
vol. V., Mem., p. 5, 1891 . — Parksy W. A.y Champauaaurus alhertemis. Uuiv. Toronto Studies, 
Geol. Ser., no. 23, 1927. 

2 Merriamy J, C\, The Thdattosauria. Mem. California Acad. Scl., vol. v., p. 1, 1905. — 
Thalattosaurian Genus Nectosaurus, Bull, Dept. Geol. Univ. California, vol. v., no. 18, 1908. 



Pl(3. 42 . 5 . 

Champsosmirus laramiensis Brown. Pectoral 
arch from above. V pper Cretaceous (Laramie) ; 
Montana. Cl, clavicle ; Co, coracoid ; Ep, in- 
terclavicle ; S, scapula. Vi size (after 
Brown). 
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jatvs, vomers^ and 'pterygoids. Vertebral centra completely ossified^ amphicoelouSy and 
suturally imited with their neural arches ; inter centra not observed. Limbs paddle- 
shaped, Triiissic. 


Thalattosaurus Merriam (Fig. 426). 
of jnandil>le slender, conical, 
in deep pits ; hinder man- 
dibular teeth elliptical, low- 
crowned, for crushing. Teeth 
in maxillae and pterygoids 
conical, in vomers bluntly 
conical. Premaxillae, max- 
illae, and dentaries with sculp- 
tured external ornament. T. 
alexandrae Merriam (Fig. 

426), about 2 m. in length, 
the skull about 30 cm. long. 

Upper Triassic ; Shasta Co., 

California. 

Nectosaurus Merriam. Same formation and locality. 


Teeth in premaxillae and anterior end 



Kni. 420. 

ThdaUusnin ns akmvilrae \l»!n uiin. Skull anfl iiuintliblp restoi wl 
ill ri^bt snip vipw. Ui»i>er 'rriassic ; Caliloriiia, Ag, angular ; Ar, 
artitular ; IJ, dpiiUiry ; F, frontal; J, jugal; lachrymal; 
maxilla ; N, nasal ; AVt, narial ojaming ; P, parietal ; i'wx, preinaxilla ; 
J'rf, prefrontal; poslorbiio-frontal ; (,>, quadrul.p ; Sag, sur- 

angulai*; Hciprotie plates; .S'(/, squamosal. V4 size (after 
Merriam). 


VERTICAL RANGE OF UllYNCHOCEPHALlA. 
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2. S'phenodontidae ...... 

3. Cham psosaurid lie. ..... 
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Order 10. SQUAMATA. {Lepidosanria, Streptostylica.) 

Roofing hones of temporal region of skull reduced to one upper arch^ or rwt 
fm'ming any arch; quadrate movable, Narial opening paired; septomax ill ae present ; 
premaxillae fused ; usually a qnneal foramen ; palatal vacuities large^ and pterygoids 
not reaching vomer ; teeth acrodont or pleurodont. Body more or less elongated, 
covered with horny scales, rarely with bony scutes. Vertebrae usually procoelous, 
rarely amphicoelovs ; not more than two sacrals. Bibs single-headed, articulating with 
centra ; abdominal ribs absent or rudimentary. No ossified precoracoid. In pelvis, 
when present, ujyper end of ilium rod-shaped, and pulis pierced by an obturator 
foramen. Limbs sometimes reduced or absent. 
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This Order comprises Lizards, Snakes, and an extinct group of aquatic 
reptiles, the Pythoiiomorpha ; and the earliest clearly recognised members occur 
in the Cretaceous. The Squamata are evidently closely allied to Rhyncho- 
cephalians, with which they may have had a common origin. 


Sub>Order 1. LACEBTILIA. Saurii. Lizards.^ 

Scaly^ long-tailed reptiles, with elongated and sometimes serpentiform body, 
Superior temporal arch sornetimes wanting, and quadrate loosely attached to cranium. 
Columella (epipterygoid) rod-like or rudimentary ; alisphenoid and orbit osphenoid not 
ossified, Mandibxdnr rami suturally united at symphysis ; teeth acrodont or pleurodont. 
Sternum usually, and limb girdles always present, hut one or both pairs of limbs 
sometimes wanting. Limbs for walking, and usually provided with five clawed 
digits. 

The majority of lizards possess a dermal covering of horny or in some 
cases of bony scales, scutes, or spines, extending over the head and whole of 
the body. The vertebral column consists of numerous procoelous vertebrae 
(amphicoelous only among the Gedconidae and Uropeltidae), in which the 
neural arches are coossified with their contra. There are seldom more 
than nine cervicals, and the atlas is composed of two dorsal pieces, either 
separate or united, and one ventral piece in the form of a free hypapophysis 
or intercentrum. Both the cervical and dorsal series have the transverse pro- 
cesses weakly developed, so that the ribs appear attached by a short tubercle. 
All the ribs are single-headed. They are wanting on the anterior cervicals, 
some of the lumbar, and all of the caudal vertebrae. The sacrum is composed 
of two vertebrae. Stout transverse processes and chevron bones are borne by 
the caudals. 

A sternum is present, although sometimes rudimentary, in all lizards 
except Amphishaena ; it usually occurs as a large rhombic or shield-shaped 
bone, sometimes pierced by two foramina. The ventral portions of the 
anterior dorsal ribs which join the sternum are sometimes cartilaginous, and 
in other cases bony. 

The skull (Fig. 427) is distinguished from that of Rhynchocephalians 
chiefly by its large free quadrate, a delicate rod-like columella (epipterygoid), 

^ Boulenger, G. A., Les Affinit^s et la dispersion geographiqiie des Lacertitles. Coinptes Kendus 
Acad, Sci. Paris, vol. 166, p. 594, 1918. — Les Lezards htdodermatides de I’fiocene superieiir de la 
France. Loc, cU,, p. 889. — Cope, E, I),, Tlie Vertebrata of the Tertiary Formations of the West. 
Rep. U.S. Geol. Surv. Territ., vol. iii., 1883. — Osteology of the Lacertilia. Proc. Amer. Phil. 
Soc., vol. XXX., p. 185, 1892. — DoUo, L,, Saniwa orsmielensis. Bull. Soc. Beige G6ol,, etc., vol. 
xxxiii., p. 76, 1923. — Douglass, E., Some Oligoceno Lizards. Ann. Carnegie Mus., vol. iv., p. 278, 
\9QS,—Fej4rvdry, G, J, de, Fossil Varanidae and Megalanidae. Ann. Mus. Nat. Hungar., vol. 
xvi., p, 341, 1918. — GUtnore, C, W., New Description of Saniwa ensidens Leidy. Proc. U.S. 
Nat. Mus., vol. 60, art. 23, 1922. — Lizard Skull from the Oligocene of Nebraska. Univ. Kansas 
Sci. Bull., vol. xvi., p. 229, 1926. — Fossil Lizards of North America. Mem. Nat. Acad. Sci., vol. 
xxii,, no. 3, 1928. — Marsh, 0. C., On Glyptosaurus, Timsaurus, etc. Amer. Journ, Sci. [3], 
vol. i., p. 466, 1871 ; and loc, cit,, vol. iv,, p. 298, Meyer, 11, von, Lacerten aus der 

Braunkohle des Siebengebirges. Palaeontogr., vol. vii., p. 74, 1860. — Nopesa, F,, Zur Kenntnis 
der fossilen Eidechsen, Beitr. Palaont. u, Geol. Osterreich-Ungarns, vol. xxi., p, 88, 1908 (with 
bibliography). — Parker, W, K,, On the structure and development of the skull in the Lacertilia. 
Phil. Trans. Roy. Soc., vol. clxx., 1880. — Seeley, //, G,, Patricosaurm merocratus, Seeley, a Lizard 
from the Cambridge Greensand. Quart. Journ. Geol. Soc., vol. xliii., p. 216, 1887. — St^ano, 
G, dt, I sauri del Quercy. Atti Soc. Ital. Sci. Nat., vol. xlii„ p. 382, 1904. — Weigelt, J,, 
Placomurus waltheri n. sp. Jahrb. Halleschen Verband. z. Erforsch., etc., n.s., voL viii., 1929. 
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and the constant absence of a lower, and occasional absence of an up}>er tem- 
poral arch. The vomer is unpaired, and not in contact with the pterygoids; and 
the latter, together with the palatines, form a flat thin palate pierced by large 
vacuities, A transverse bone (ectopterygoid) occurs between the maxillae 
and pterygoids. The external nares are separate, and commonly placed near 
the orbits. The opisthotic is fused with the exoccipital, forming the so-called 
parotic process of the posterior temporal region. The distal end of this 
process servos with the posterior ends of the squamosal and supratemporal 
(sometimes named tabular) as a buttress to which the movable quadrate is 



Skull of Varanw, in palatal {A), right lateral (/>’), and occipital (O view. Recent; Africa. Ao^ supra- 
orbital ; Bo, basioccipital ; Jts, basisphenoid ; Co, stapes (Cohiinella auris); Eo, exoccipital ; Eft, epipterygoid 
(columella); frontal ; L, lachrymal ; Mx, maxilla; N, nasal; P, parietals with pineal foramen,; Pa, palatine ; 
Pmx, premaxilla; Po, postfrontal (postorbital); Prf, prefrontal; Pro, prodtic; Pt, pterygoid; Q, quadrate; 
So, supraoccipital ; Sp, septomaxilla ; Sq, squamosal ; St, supratemporal or tabular; 2r, transverse ; V, vomer. 


attached. The supratemporal itself is of small size and situated between 
the outer angle of the parietal and distal end of the squamosal. The 
postorbito-f rental unites with the forward end of the squamosal to form the 
lower border of the superior temporal fossa, and also sometimes unites with 
the jugal to form with this bone the posterior border of the orbit. In lizards 
the jugal is never in direct connection with the quadrate. A pineal foramen 
occurs, and the parietal is frequently unpaired. 

The mandibular rami (Fig. 428) are suturally united at the symphysis ; 
they exhibit the same structure as in Pythonomorphs, except that there is no 
movable articulation behind the middle of each ramus. Teeth are always 
present in upper and lower jaws, and occur rarely on the palatines, pterygoids, 
and vomer. They are either acutely or obtusely conical, chisel- or arrowhead- 
shaped, serrated or carinated on the anterior and posterior edges, or in some 
cases their form may be hemispherical. Their bases are completely fused 
with the supporting bone, and their arrangement is either acrodont or pleurodont. 
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Successional teeth are developed on the inner side of the functional teeth, 
and gradually displace them. 

As a rule two pairs of limbs provided with five clawed digits are present, 
although the hinder pair may be rudimentary, and in some cases both pairs 
are wanting. The limb girdles persist, however, even among apodal forms, 
but the pelvic arch may become reduced. The coracoid is relatively large, 
and develops an anterior process, or precoracoid. The scapula also consists 
of two portions, of which the distal (suj)rascapula) is the larger and usually 
remains cartilaginous. The scapula pro})er is in some cases bifid at its distal 
extremity. The rod-shaped clavicle connects the anterior border of the 
scapula with the T-shaped or cruciform interclavicle, which is situated in 



Fk;. 428. 

lijuanci tuberrulaia Laur. Uecfiit ; West Indies. Inner aspe(‘t of riglit rfniins of inanditUs showing 
plearodont teeth, ang, angular; art, articular; d, dentary ; k, coroiioid ; splenial ; s.nn>i, surangulan 
(After Cuvier.) 

front of the sternum. The bones of the fore limb resemble those of Khyn- 
chocephalians, except that the humerus never disjdays distal foramina. 
There are eight small carpals arranged in two rows, and the usual phalangeal 
formula is 2, 3, 4, 5, 3. 

Where the hind limb is normally developed, the ilia are movably attached 
to the cartilaginous ends of the sacral ribs. Pubes and ischia meet in a 
ventral symphysis, and the anterior border of the former frequently develops 
a strongly curved juocess. The femur generally exceeds the humerus in 
length, and the bones of the crus remain separate. The proximal tarsals 
consist of a large tibiale (astragalus) and fibulare (calcaneum) ; there are 
often but two free tarsals present in the distal row (nos. ill. and iv.), the 
remainder being fused with the metatarsals. The phalangeal formula of the 
pes is usually 2, 3, 4, 5, 4. 

Lizards of the present day are restricted almost exclusively to the tropical 
and temperate zones. The known fossil forms are few. The oldest remains 
commonly associated with lizards are the imperfect skeletons of Euposaurus 
Lortet from the Upper Jurassic (Lithographic Stone) of Cerin (Ain), France, 
and the fragmentary jaws and precocious vertebrae from the English Pur- 
beckian, known as Macellodus brodiei Owen and Saurillus ohtusus Owen, but 
these are too imperfect for accurate determination. The jaws from the 
Morrison Formation of Wyoming named Cteniogmys Gilmore, from the sup- 
posed Lower Cretaceous of Jujuy, Argentina, named Carleda F. von Huene, 
and from the Upper Cretaceous (Lance or Laramie) of Wyoming named 
Chamops Marsh and Parasaniwa Gilmore, seem to bo Lacertilian ; perhaps also 
the Upper Cretaceous jaws named Alethesaurus, Hahrosaums^ LanceosauruSf 
OdaxosauruSf Prionosaurus Gilmore, and the detached vertebrae and other 
fragments named Megasaurm, Harpagosaurus Gilmore. There are also two 
families of aquatic lizards of Cretaceous age known by pearly complete 
skeletons. 
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Family 1, Dolichoeauridae ^ 

Small^ aquatic, serpentiform reptiles, with reduced lizard-like limbs and limb- 
arches, llami of mandible united by suture at symphysis. No sclerotic plates. 
Teeth pleurodont, only on margin of jaws. Head small and neck elongated, with not 
less than thirteen vertebrae. Vertebrae procoelous, and articulated both by zygapo- 
physes ami a zygosphene-zygantrum. Sacral vertebrae not anchylosed. No abdominal 
ribs. Fore limbs shorter than hind limbs, Cretaceous. 

The Dolichosanridae are small aquatic lizards, with small limbs and a long 
swimming tail, found in European marine Cretaceous deposits. Many of the 
detached vertebrae of Cretaceous age, commonly classed as Ophidian, are 
doubtless Dolichosauriaii. 

Ihlichosaurus Owen. About fifty-seven presacral vertebrae ; slender 
cervical ribs. Pectoral arch, including sternum, well ossified. Articular ends 
of stout limb bones not ossified. D. Imigicollis Owen, about 80 cm. in length, 
from English Lower Chalk (Upper Cretaceous). 

Adriosaurus Seeley. About thirteen cervical, twenty-seven trunk, two 
sacral, and sixty-seven caudal vertebrae ; no cervical ribs. A. suessi Seeley, 
about 35 cm. in length, with proportion of fore to hind limb 11:16. 
Neocomian ; Comen, Istria, and Lcsina, Dalmatia. 

Pontosaurus Krambcrger {llydrosaurvs Kornhuber nec Wagler). Neocomian; 
Lesiria, Dalmatia. Actaeosaurus IJ. v. Meyer. 1 Mesoleptos Coriialia. Neo- 
comian; Comen, Istria. Eidolosaurus Neocomian; Lesina. 

Family 2. Aigrialoeauridae.^ 

Head large and neck short, with seven vertebrae. A few abdommal ribs. 
Fore limbs about as long as hind limbs. Lower Cretaceous. 

This family includes semi-aquatic lizards, and seems to connect the Dolicho- 
sauridae with the Pythonomorpha. 

Aigialosaurus Kramberger. Snout much attenuated. Seven cervical, 
twenty other presacral vertebrae. A. dalmaticus Kr. Neocomian ; Lesina, 
Dalmatia. 

Kornhuber, Interclavicle T-shaped. Neocomian; Comen, Istria. 

Opetiosaurus Kornhuber (Fig. 429). A movable articulation behind the 
middle of the mandibular ramus as in the Pythonomorpha. Type species about 
1‘5 m. long. Lesina. 

The known Tertiary Lar^rtilia are very fragmentary, and belong for the 
most part to existing families. The earliest remains, from the Lower Eocene 
(Upper Landenian) of Belgium, belong to Saniwa Leidy, which is represented 
chiefly in the Middle Eocene (Bridger) of Wyoming. According to Gilmore, 

^ Kornhuber, A,, ttber einea neuen fossilen Saurior aus Lesina. Abliandl, k. k. geol. 
lleichsanst. Wien, vol. v., p. 75, 1873. — Meyer, II. von, Aotaweawms Tommasinii. Palaeontogr., 
yol. vii., p. 223, 1860. — Nopcsa, F., Nones iiber Dolicbosaurier. Beitr. Palaont. u. Geologie 
Osterr.-Ungarns, vol. xxi., p. 50, 1908. — Seeley, II. Q., Small Lizard from the Neocomian Rocks 
of Comen, near Trieste \_Adrio8auru(i\. Quart. Journ. Geol. Soc., vol. xxxvii., p. 52, 1881. 

2 Cornalm, E,, Cenni geologic! sulV Istria. Giorn. R. Istit. Lombardo, etc., vol. iii., p. 35, 
1851. — Komhuher, A,, Oarttosaurui nharchesettii. Abliandl. k. k. geol. Reicbsanst. Wien, vol. 
xvii., pt. 8, p. 1, 1893. — Opetiosaurus hucchichi. hoc, cit,, pt. 6, p. 1, 1901. — Krambcrger, 
C. Gorganovic, Aigialosaurus, Schrift. Soc. hist-nat. croatica, Agram, vol. vii., p. 74, 1892. 
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this genus is related to Varanns^ but differs in having more numerous teeth, 
the postorbital and postfrontal separate, fewer cervical vertebrae bearing 
hypapophyses, and a vestigial zygosphene. In the Middle Eocene of Wyoming 
there are also Angukiae (Glyptosaurns Marsh, A estops Cope, 
Helodermoides Douglass), Iguanidae (Iguanavus Marsh), 
and Chnmaeleonfidae. Iguana itself, now restricted to 
America, occurs in the European Tertiary. Frag- 
mentary remains of other genera are found in the 
Eocene or Oligocene Phosphorites of Quercy, and Gyp- 
sum Beds of Apt, in France, among which may be 
mentioned the following : Flacosaurus Gervais (Necro- 
dasypus Filhol ; Loricofherium> Weigelt), apparently re- 
lated to the existing N. American Heloderma Wiegm., 
/Ag Froiguana Filhol (Fig. 430), Flestiodoii Filhol (Fig. 431), 
II Falaeovaranus Filhol (Fig. 432), Frochamaeleo de Stefano, 
Agama, Diploglossns, and Lacerta, Flacosaurus is also 
found in the Middle Eocene lignite of the Geiselthal, 
central Germany. Numerous remains also occur in 
the Oligocene (White River Beds) of western North 
America, representing Jmpkishaenidae {llhineura Cope, 

of niaiKiibie. Lower Creu- allied to L. Eocene Otolrilou Loomis), llelod ermaiidae. and 
ceous; Leflinn. Ag, angular; /• m* 

Ar, articular; C, coronoid ; Otner tamilies. 

f \ frontaiV iOs pfS^lorai Miocene yields Lacertilian fragments identifi- 

with recent genera, especially in the freshwater 
parietal ; Pmi, premaxilla ; po! beds of the Auveigne, France; the lignites of Rott, 
quadratVfVui.m^^^^ near Bonn; and the freshwater strata of Steinheim, 

Haslach, Giinzburg, Sansan, and Colorado. Among 
carter Nopesa). ^ PHocenc fossils there are vertebrae and other remains 



Fio. 4‘J9. 


of Varanus from the Pontian Beds of Pikermi, Greece, 
and from the Siwalik Beds of India. In the Pleistocene of Queensland and 
other parts of Australia occurs the largest known lizard, probably 5 m. in 



Fio. 430. 


Proiguana sp. Inner and 
outer aspect of dentary. 
Phosphorite of Quercy. Nat. 
size. 



Fid. 431. 

Plestiodon ratlurcensis 
Filhol. Inner as^iect of den- 
tary. Phosphorite of Quercy. 
Nat. size. 



Fn;. 4.32. 

Palneovaranui cayluxi Filhol. Max* 
illary fragment. Phosphorite of Quercy. 
Nat. size. 


length, Megalania prisca Owen.^ This is known chiefly by vertebrae which 
much resemble those of Varanus but bear a slight zygosphene-zygantrum 

^ Anderaoni, C., Varanus {Megalania) priscus {Oivm). Rec. Australian Mus., vol. xvii., p. 311, 
1930. — De ViSf G. IF., Megalania and its Allies. Proc. Roy. Soc. Queensland, vol. vi., p. 93, 
1889. — Etheridge^ R.<, Occurrence of Megalania Owen in South Australia. Rep. Govern. 
Geologist S. Australia, 1894, p. 19. — Fejh^dry, G. J. de^ Fossil Varanidae and Megalanidae. 
Ann. Mus. Nat. Hungar., vol. xvi., p. 446, 1918. — Owen, R., Gigantic Land- Lizard {Megalania 
prisca Owen) from Australia. Phil. Trans. Roy. Soc., 1869, p. 43. Also loc, cU,^ 1880, p, 1037, 
and 1886, p. 327. — Large extinct Lizard [Notiosaurus^ from Australian Pleistocene Deposit. Loc. 
ciLj vol. 175, p. 249, 1885. — WooduHtrdj A. N., Extinct Reptilian Genera Megalania Owen and 
Meiolania Owen. Ann. Mag. Nat. Hist. [6j, vol. ii., p. 85, 1888. 
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articulation. A large jaw from the same formation and region is named Notio- 
sanrus Owen. 


Sub-Order 2. PYTHONOMORPHA.1 

Large marine reptiles with elongate hotly and two pairs of paddle- shaj ted limbs. 
Skull lizard-like, elongate, depressed; ujgter temporal arch and foramen 

present ; premaxillae and nasals f used into a simple rostrum ; quadrate large, 
perforate, and rnovahly attached to sqaajnosal and sujtratemptyral ; parietal unpaired 
ami joined to the supraoccipital and probtics by decurved lateral processes. Mandibular 
rami united at the symphysis by ligament ; a movable articulation behind the middle 
of each ramus. Teeth large and usually conical, fixed by tumid bases in shallow 
alveoli of the j a w-bon^s and pterygoids. Sclerotic ring qtresent. Vertel/rae procoelous ; 
cervicals seven, mostly with hypapophyses. Sacrum wanting ; sternum probably never 
ossified : interclavicle (episternum) sometimes p^resent, but no clavicular arch. Limb 
bones short, but the digits lengthened by an increased number of phalanges, without 
claws. 

The vertebral column comprises 115-130 or perhaps more procoelous 
vertebrae, and is sometimes divisible into cervical, dorsal, lumbar, and caudal 
regions. The distinction between dorsal and lumbar sei ies is not very decided, 
however, except that the latter bear shorter ribs. 'I’he transverse processes 
are short aiul thick in the precaudal vertebrae for the attachment of single- 
headed ribs ; in the caudals they are flattened and elongated but without 
ribs, and they disappear at about the middle of the tail. The neural 

' Baur, G., Morphology of Skull of Mosa^smiridae. Jourii. Morj)]iol., vol. vii. , p, 1, 1892. — 
Capps, tS. It., Girdlefi and Hind Limb of llaUmiurm ahrvptus'iA.n.T^h. Journ. Geol., vol. xv., p. 360, 
1907. — Copf, E. [)., lieptiliaii Order.s of Pyihonomorpha and Strepto.savria. i*roc. Boston Soc. 
Nat. Hist., vol. xii., p. ‘260, 1809. — Vertebrata of Cretaceous Fornialiona of the West. Rep. U.S. 
Geol. Surv. Territ., vol. ii., p. 113, etc., 1875. — Professor Owen on l*ythoiioinorpha. Hull. U.S. 
Geol. Surv. Territ., vol. iv., p. 299, 1878. — Dollo, L., Note sur Tosteologie ties Mosasauridae. 
Bull. Mus. Roy. Hist. Nat. Belg., vol. i., p. 56, 1882. — Preinim* Note sur le Hainosaure. hoc. 
cit., vol. iv., p. 1‘25, 1S86. — Sur le crane des Mosasauriens. Bull. Seient. France Belg., vol. xix., 
p. 1, 1888. — Mosasauriens de Mesvin. Bull. 8oc. Beige Geol., etc., vol. iii., Miuu., p. 271, 1889. — 
Mosasauriens de Mae.stricht, Loc. cit., vol. iv., p. 151, 1890. — Nonvelle Note .sur I’osteologie de.s 
Mosasauriens. Loc. cit., vol. vi. , Mem., p. 219, 1892 — Les Ancetre.s des Mosasauriens. Bull. 
Sclent. France Belg., vol. xxxviii,, p. 1, 1903. — Les Mo.sasanriens de la Belgique. Bull. Soc. 
Beige Geol., etc., vol. xviii., Mem., p. 207, 1904. — L’Origine de.s Mosasauriens. Loc. cd., p. 217, 

1904. — Uii nouvel opercule tympanique de Plioplatecarpns. Loc. cit., vol. xix., Mem., p, 125, 

1905. — Ghhidens aldbamaensi!* et les Mosasauriens de la Belgique en general. Archives de 
Biologic (Liege), vol. xxxiv., p. 167, 1924. — Gaudry, A., Les Pythonomorjdies de France. Mem. 
Soc. Geol. France, Paleont. no. 10, 1892. — Iluene, F. von, Ein ganzes TyZo.sa 2 tn^s-Skelett. 
Geol. n. Pala< 3 ont. Abhandl,, n..s., vol. viii., p. 297, 1910. — Platecarpu.s. Neues Jahrb. f. Min., 
etc., 1911, vol. ii., p. 48. — Loomis, F. B., New Mo.sasaur from the Ft. Pierre, Anier. Journ. Sci. [4], 
vol. xxxix., p. 555, 1915. — Marsh, 0. C., Kdestosauriis, etc. Anier. Journ. Sci. [3], vol. i., p. 448, 
1871. — Skull and Limbs in Mosasauroid Reptiles. Loc. cit., vol. iii., p. 448, 1872. — New Char- 
acters of Mosasauroid Reptiles. Loc. cit., vol. xix., p. 83, 1880. — Merriani, J. C., Pythouemorphen 
der Kansas Kreide. Palaeontogr., vol. xli., p. 1, 1894. — Nopesa, F., Origin of Mosasaurs. Geol. 
Mag. [4], vol. X., p. 119, 1903. — Osborn, H. F., Complete Mosasaur Skeleton. Mem. Anier. Mus. 
Nat. Hist., vol. i., p. 167, 1899. — Cervical Region of Mosa.saiirs, etc. Amer. Nat., vol. xxxiv., 
p. 1, 1900. — Owm., It., Rank and Affinities of Mosasauridae. Quart. Journ. Geol. Soc., vol. xxxiii., 
p. 682, 1877 ; also vol. xxxiv., p. 748, 1878. — Pompechj, J. F., Mosasaurier-Resten im Ober- 
Senon von Haldem. 3. Jahrosb. Niederstichs. Geol. Vereins, p. 122, 1910. — Ttuvmin, A., Mosa- 
sauriens de la Craie grise, etc. Bull. Soc. Geol. France [3], vol. xxiv., p. 900, 1896 — WilHston, 
S. W., Kansas Mosasaurs. Univ. Geol. Surv. Kansas, vol. iv. (Paleont. pt. i.), p. 81, 1898. — 
Relationships and Habits of Mosasaurs. Journ. Geol., vol. xii., p. 43, 1904. — II ««««., C., 
Reptiles from the Niobrara Group in Kansas. Bull. Geol. Inst. Upsala, vol. xviii., p. 9, 1920. — 
Takouflew, AT., Mosasaurien dans le Cretac 6 superieur du sud de la Russie. Bull. Comite G 60 I. 
St. Peterab., vol. xx„ p. 507, 1901.-— lies Mosasauriens. Loc. cit., vol. xxiv., p. 135, 1906. 
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arches are always coossified with their centra ; the neural spines are of 
moderate length, but sometimes notably elongated in the posterior region 
of the tail. The zygapophyses are strong in the cervical and anterior 
thoracic region, but become weaker and finally disappear in the i tail. 
Y-shaped haemapophyses or chevron bones are present in all the caudals with 
the exception of the first five or more, to which the name “ pygals ’’ has been 
given ; each chevron articulates only with its own centrum. The atlas is 
composed of a wedge-shaped intercentrum 
(hypocentrum) below, and two lateral pieces 
or neurapophyses, as in lizfirds, its centrum 
being represented by the odontoid process of 
the axis. A wedge-shaped intercentrnm occurs 
between the atlantal intercentrum and the 
axis. The axis and five following cervicals 
bear each a more or less stout exogenous hypa- 

A B 


Fn>. 434. 

Clidasfes jvropython Cope. Palatal 
aspect of skull, partly restored. Uj^ier 
Cretaceous; Kan.sas. /lo, basioccipital ; 

ClidUtsUsslenrtps Cojie. Upper Cretaceous ; Kaii.sas. Anterior Mx, maxilla; J% palatine; pre* 

cervical vertebra in side view (A) and in front view {B), maxilla; 77, pterygoid; /V.postorblto- 

c, centrum ; d, transverse process ; h, hypapophysial epi- frontal ; Opo, supratemporal ; 

physis or intercentrum; /tv, hypapophysis; pr^, prezygapo- squamosal; Uph, basiaphenoid ; Vo, 

physis; sp, neural spine. V 2 (after (jope). vomer. 

pophysial process, to the extremity of which is attached a small, free epiphysis, 
corresponding morphologically to an intercentrum (Fig. 433). This is wanting 
in the last cervical, and the process itself is rudimentary. 

The skull (Figs. 434, 435) resembles that of Varanus more nearly 
than that of other living reptiles. The parictals, f rentals, and premaxillae 
are all unpaired, as are also the nasals, which are fused with the pre- 
maxillae. The supratemporal vacuity is bounded externally by the 
squamosal and postorbital, which form a narrow arch. The supratemporal 
is intercalated between the exoccipital ( = paroccipital, Baur) and the 
squamosal, and sends a slender process inwards between the exoccipital 
and prootic, extending nearly as far as the brain cavity. The suture between 
the postorbital and postfrontal is often obliterated. Supraciliary plates have 
not been observed, and are often functionally replaced by the horizontally 



Fig. 433. 
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expanded prefrontals. The jugal unites with a descending process of the 
postfrontal, and these two bones with the prefrontal completely enclose the 
orbit. There is a complete parietal arch formed by a slender process of the 
parietal uniting with a pro- 
cess of the squamosal. 

The quadrate (Figs. 436, 

437) is relatively largo, and 
movably articulated with the 
squamosal and supratomporal. 

Its antero-superior margin is 
dilated intoabroadthi]i plate, 
and its posterior margin is 
notched or perforated for the 
auditory meatus. This open- 
ing is either partially or com- 
pletely enclosed posteriorly 
by the stout suprastaj)edial 
process which is especially 
characteristic of the Mosasaur 
quadrate. On the concave 

inner side of the quadrate, near the upper part of the meatal notch, is a small 
]u’t for the lodgment of the outer end of the stapes. The quadrate exhibits 
wide variation in form and size among the different genera. 

The transverse bone, or ectopterygoid, is always small, and joins the 
pter 3 'goid and jugal only. A slender columella, or epipterygoid, is present 



Fk;. 435. 

Platerarims coryphaeus Cope. PosU'rior agi)ect of skoll. U])i)er 
Cretaceous; Kansas, ho, basiorcipiUl ; eo, exoceipital ; p, parietal; 
pc, j»rootir; /)/o, postorbitfj-front«l ; pterygoid; 7 , quadrate; 

V 4 size (after 


A 



Via. 

Mosoftuurus camperi v. Meye 
and inner (It) aspect. Upper 
KupiniMtaiHulial procos.s; k, stape 
mtu'jiiu ; a, inferior margin. 1/. 


Ji 



43(5. 

r. Quadrate l)one, outer (yl) 
Cretaceous ; IVlaastricht. at, 
dial pit ; /, meatus ; w, superior 
^ iiat. size (after Owen). 



Fiu, 437. 


CJidastes propython Cope. 
Quadrate bone, inner aspect. 
Lettering as in Fig. 436. 
iJ/a nat. size (aft/cr 0)pe). 


in all cases. The mandibular rami were united at the symphysis by ligament. 
Somewhat behind the middle of each ramus, between the angular and 
splenial, and the dentary and surangular, there is a movable articulation 
permitting of a wide distension of the jaws. 

A single series of large conical teeth (rarely short and tumid) occurs in 
both upper and lower jaws, those of the pterygoid being smaller than the 
rest. The crown often exhibits slight anterior and posterior carinae, and 
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may be bevelled into several longitudinal facets ; the enamelled surface may 
be either smooth, or delicately striated. All the teeth are fixed by tumid 
bony bases in shallow pits of the supporting bone. Successional teeth arise 
alongside those in function, and gradually displace them by pressure against 
the crown on the inner side. 

The pectoral arch (Fig. 438) exhibits a rather large and flattened coracoid, 
the articular border of which is thickened and divided into two facets 
meeting at an obtuse angle, while the thin inner edge is rounded and often 
incised by a deep notch or ernargination. There is a small coracoid foramen 
situated towards the articular border. Posteriorly the coracoids meet the 
sternum, which was probably never ossified, but composed of calcified cartilage, 
like the sternal ribs. The coracoids are separated from each other by a 



Fi<i. 488. 

('lidastes vehx Marsh sp. PeeUnal arch, doi’sal aspect. Upper Cretaceons; Kaiifias. <j, coracoid; \ 
humerus; me., metacarpus; r, riulius; nr, scapula; «, ulna; I-F, dibits. Tlu^ c-oiacoids are wrongly placed in 
contact in the median line ; they should b<* separated to leave sjwce for a cartilaginous extension and a 
sternum, as in the Laoertilia, Vs >*<<20 (afti‘r Marsh). 

broad epicoracoidal expanse of cartilage. The scapula is jdaced as in Khyn- 
chocephalians ; a slender rod-shaped interclavicle (epistermmi) is present, but 
clavicles are absent. The humerus is short and stout, its articular ends 
expanded, and the distal end with two facets for the bones of the second 
segment. Of the latter the radius is distally expanded. The carpals vary 
in number from seven (arranged in two rows) in Clidastes and Mosasaurus, to 
one or two rudimentary ossicles in Tylosaurus, There are five metacarpals, 
differing in shape among the various genera, and supporting a variable 
number of phalanges ; these last being comparatively few in Clidastes and 
Mosasaurus^ and as many as eleven or twelve in the paddles of Tylosaums, 
None of the digits are clawed. 

The pelvic arch (Fig. 439) is more weakly developed than the pectoral. 
The ilium is a slender rod-shaped bone, its superior end free or loosely 
attached to the single vertebra which functions as a sacrum. The pubes 
probably do not meet in a ventral symphysis, but the ischia are joined along 
an extensive articular surface. The bones of the hind limb resemble those of 
the fore limb, but are more slender, and somewhat smaller. There are probably 
never more than three tarsals, and sometimes only one. Four or five digits 
are developed, with a variable number of phalanges. 

The limbs of Pythonomorphs, Ichthyosaurs, and Cetaceans furnish an 
excellent illustration of the influence of environment in producing analogous 
structures among widely divergent groups. As a result of their complete 
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adaptation for an aquatic existence, Mosasaurs, Ichthyosaurs, and whales have 
developed a very similar form of body. 

The Pythonomorphs had a wide distribution, their remains being known 
from the Upper Cretaceous of Europe, Palestine, Morocco, Nigeria, Timor, 
South Africa, North and South America, and New Zealand. Jt is curious 
that young individuals do not appear to have been hitherto discovered. As 
remarked by Williston, it is likely that these reptiles were oviparous, and they 
may have laid their eggs in estuaries and bays of which the sediments have not 
been preserved. 

The Pythonomorphs were covered externally with scales very similar in 
size and structure to those of Varanus. These scales have been found 



Fio. 439. 

PlxUmv'piLit Kirnus Maiah sp. Pelvic arch and paddlen. Upper Cretaceous ; Kansas. /, femnr ; fibula ; 
ii, ilium ; is, ischium ; int, inotatarsus ; ph, pubis ; t, tibia ; I'V, digits. 1/12 size (after Marsh). 


impressed on the bones of the skull, indicating the absence of horny plates. 
There were no dermal ossifications of any kind. As pointed out by Uollo,^ 
the Pythonomorphs with stout conical teeth were probably predaceous and fed 
on fishes or even other reptiles, while those with slender conical teeth doubt- 
less fed on soft Cepbalopods. The few wdtb crushing teeth (Glohidens) seem to 
have eaten Echinoderms. Small or medium-sized fishes have been observed in 
the fossilised stomach-contents in several instances. 

The earliest discovered cranium, found in the Maastricht Chalk in 1780, 
was mistaken for that of a Cetacean or Crocodilian until Camper and Cuvier 
demonstrated its remarkable similarity to the skull of Varanus, Owen united 
Mosasaurs with lizards under the designation of Lacertilia natarUia. The 
name Pythonomorpha was proposed in 1869 by Cope, who regarded the group 
as intermediate between snakes and lizards. 

Family 1. Moeaeauridae. 

Trunk elongated, tail much dilated distally, Fremaxillae forming a short and 
obtusely conical rostrum, Prefrontals rrwre or le^s dilated into a horizontal plate 
posteriorly. Quadrate with moderate-sized suprastapedial process, Coronoid large, 
articulating with the splenial an the inner side, Zygosphenes rudimentary or 
functional ; chevrons fused with their centra. Humerus with strong radial process 
at distal end. Hind limb tetradactyl. Carpus and tarsus completely ossified ; not 
more than six phalanges in any of the digits. Upper Cretaceous. 

Surface-swimming Mosasaurs. 

^ DoUo, L,, Olobidetia fraasi . . . et I’Ethologie de la Nutrition chez les Mosasauriens. 
Archives de Biologie (Li^ge), vol. zxviii., p. 609, 1913. 

VOL. n z 
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Cluiades Cope Marsh) (Figs. 433-434, 437-438, 440). Skull 

40 to 70cm. long; slender, tapering, depressed. Teeth faceted on outer 

side, and smooth on the 
inner or on both faces. 
Dentary with about 
seventeen teeth, max- 
illa fifteen, pterygoid 
twelve to fifteen. Zygo- 
s phenes functional ; 
chevrons long. Neural 
B})ines elevated in poa- 
te!*ior half of the tail, 
suggesting presence of 
a caudal fin. Upper 
Cretaceous ; Kansas, 
Alabama, and New 
Jersey, U.S.A. 

Mosasawrab Conyb.^ 
{Leiodon Owen ; Ptery- 
collasaams Dollo)(Figs. 

436, 441). Skull attaining a length of 1-2 m. ; total length about 12 in. 
Distinguished from Clidastes chiefly by the usual absence of a zygosjdiene- 
zygantrum articulation. There are more than 130 vertebrae in the column, 
of which 4G are precaudal. The massive upper jaws are armed with about 
fourteen powerful teeth on either side, and the pterygoids support about 



Fkj. 440. 

Clidcuftes proftython Copft. Skull nn<l matulible, upp«T and latoral as]>ect 8 . 
Upper CretaceouH ; Uniontown, Alabatna, ^,'3 nat. size (aft<'r Copt ). 



Fits. 441. 

MomaaurM eamiteri v. Meyer. Jaws, .side view. Upper Oeiatteous ; Maa.strieht. 
V 12 size (after Oollo). 


eight smaller teeth, all with anterior and posterior carinac. Upper Cretaceous ; 
Holland, England, Belgium, France, Northern Germany, Northern Italy, 
Morocco, Nigeria, and the United States. 

Family 2. Platecaxpidae. 

Trunk shorty tail proportionately long. Premaxillae shorty very obtuse^ and 
projecting hit little in front of the teeth. Quadrate with a long suprastapedial 
process. Vertebrae with rudimentary zygosphenes. Tnterclavicle probably present in 
all forms. Hind limb functionally pentadactyl. Carpus and tarsus imperfectly 
ossified. Upper Cretaceous. 

^ Gumer^ (?., Sur le grand animal fossil de la Craie do Maestridit. Ann, Mas, Hist. Nat. 
Paris, Tol. xii., p. 145, 1808. 
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Platecarpus Cope (Lestosaurus Marsh ; ? Holcodus 
Gibbes) (Figs. 435, 439, 442, 443). Total length 
about 5 m., of which the skull forms one- eighth. 
Superior surface of parietal small, triangular, not 
reaching beyond the middle of the bone ; large oval 
pineal foramen at its anterior border. External nares 
much dilated anteriorly. Quadrate with prominent 
suprastapedial process extending below the middle of 
the bone ; opening for the auditory meatus large, not 
entirely enclosed. Teeth slender and recurved, faceted 
on the outer side, striate on the inner ; maxilla with 



Fi<5. 448. 


tvryfihurus Copo. Hkull and mandihle, upper and 
lateral asjM*cts. Upper Cretaceous ; JiOj^an County, Kansas. 1/7 
nat. size (uJ'Uir Mcrriaiii). 

about twelve, and pterygoid ten to twelve teeth. 
Coracoid deeply cmarginate on inner border. Four 
carpals and three tarsals present, closely articulating. 
Fifth digit shorter than the fourth, and divergent. 
Chevron bones large, loosely articulated. Abundant 
and represented by numerous species in the Upper 
Cretaceous of Kansas, Wyoming, Colorado, Texas, North 
Dakota, and France. 

Holosaurus Marsh. Very similar to the preceding, 
except that the coracoids are not emarginate; there 
are no zygosphenes in the type specimen. Kansas. 

Plioplatecarpus Dollo {Oterognaihm, Phosphorosaurus 
Dollo). Similar to Platecarpus, but with smaller chevron 
bones. Mandible slender, coronoid rudimentary. Teeth 
long and slender, faceted, and striate. Tympanic mem- 
brane calcified. Danian of Maastricht, and Upper 
Senoniau of Belgium. 
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Frognafhosaurus Dollo. Skull about 60 cm. long. Pterygoids nearly as 
large as the maxillae, and with very powerful teeth. The large suprastapedial 
process of the quadrate coossifies with the infrastapedial piocess, and encloses 
an oval foramen. A wide canal present in lower part of the hasioccipital. 
Mandible strong, upper edge concave, coronoid process prominent. Coracoid 
non-emarginate. Chevrons loosely articulated. Upper Senonian (Phosphatic 
Chalk) ; Belgium. 

Brachysaurus AVilliston (Ancylocenfrum K. P. Schmidt). Frontal large and 
broad ; no median basioccipital canal. Suprastapedial process of quadrate 
coossified with the infrastapedial. No zygosphenes ; chevrons fused with 
their centra. Possibly identical with preceding genus. Ft. Pierre Cretaceous ; 
South Dakota. 

Sironectes Cope. Upper Cretaceous ; Kansas. 

Baptosaurus Marsh. Upper Cretaceous ; New Jersey and Kansas. 

DoUosaurus Yakowlew. Senonian ; Russia. 

TaniwJiasaurus Hector. Cretaceous ; New Zealand. 

Family 3. Tylosauridae. 

Trunk shorty tail proportionately long. Premaxillae proihiced into a long rostrum 
in advance of the teeth ; quadrate with short sup'a stapedial process. Vertehrae without^ 
or with very rudimentary zygosphenes. Carpus and tarsus almost wholly unossijied ; 
phalanges numerous. Hind limh functionally peutadactyl. Upper Cretaceous. 

Very large Mosasaurs with bones often imperfectly ossified, adapted for 
diving to great depths. 

Tylosaurus Marsh {Liodon Cope ; Macrosaurus Owen ; lihinosaurus Marsh). 
Skull 0*7 to over 1 m. long. Superior surface of parietal smooth and produced 
to the posterior margin in the median line, with nearly parallel sides; foramen 
at its anterior margin. Postfrontal and prefrontal meeting on the superior 
border of the orbit ; quadrate stout, with very short suprastapedial process, 
and tympanic membrane replaced by calcified cartilage ; maxilla with about 
thirteen large teeth. Chevrons loosely articulated ; no zygosphenes. One or 
two carpal and tarsal bones present, not articulating with adjacent elements. 
Coracoid not emarginate ; limbs about equally developed; phalanges numerous ; 
fifth digit elongate. Niobrara Group ; Kansas, New Mexico, and Texas. 
T. proriger^ T. dyspelor Cope. Also South Africa.^ 

Hainosaurus Dollo. Skull upwards of 1*5 rn. long. Frontal broad; pre- 
frontal and postfrontal meeting over the orbit ; teeth of unequal size. 
Haemapophyses loosely articulated; cervicals with small zygosphenes. Carpals 
reduced in number; phalanges fewer than in Tylosaurus, and paddles relatively 
larger. Upper Cretaceous ; Belgium. 

Family 4. GHobidentidae.^ 

Skull short and massive. Teeth with low blunt and tumid crown. Vertehrae 
with small zygosphenes. Upper Cretaceous. 

^ Broom^ R., Tylosaurus from Upper Cretaceous of Poudolaud. Ann. S, African Mus., vol. 
vii., p. 332, 1912. 

® DollOf L.^ Qlobidens freuasL Archiv. Biologie (Lit%e), vol. xxviii., p. 609, 1918 . — (Hobidens 
alabamaerisis. Loc. cit., vol. xxxiv., p, 167, 1924. — Qibiwre, G. W.. New Mosasauroid Reptile 
from Cretaceous of Alabama. Proc. U.S. Nat Mus., vol. 41, p. 479, 1912. 
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These are the only known Pythonomorphs with teeth adapted for 
crushing hard food. 

Globidens Gilmore. Known only by fragments. Teeth with finely 
wrinkled enamel. G, alahamaensis Gilm., with maxilla at least 25 cm. in 
length. Selma Chalk ; Alabama. G. fraasi Dollo. Maastricht, Holland. 
G. belgims A. S. Woodward. Ciply, Belgium. 

? Coniasanrus Owen. Jaws and vertebrae from English Chalk, 

Sub-Order 3. OPHIDIA. Snakes.^ 

Body elongated^ without limbs, covered with horny epiderimd scales. Temporal 
arches of skull absent ; columella {epipterygoid) absent ; quadrate movable. Parietal 
impaired, without pineal foramen, the sides extended downward and fused with the 
prootic, alisphenoid and orhitospheiioid. Anterior portion of brain case completely 
ossified. Maxillae, palatines, and pterygoids freely movable. Premaxillae 'much 
reduced ; mandibular symphysis ligamentous. Vertebrae procoelous, with zygosphene- 
zygantrum articulation, and the anterior centra with strong simple hyj apophyses. 

Snakes are chiefly conspicuous for the absence of limbs. The body is 
greatly elongated, and the number of vertebrae very considerable, sometimes 
exceeding 500. The centra are concave in front and 
convex behind, the connection being by free ball- 
and-socket joints ; and their articulation is further 
strengthened by zygapophyses and a zygosphene- 
zygantrum arrangement. The neural arches are thor- 
oughly coossified with their centra. Simple hypa])o- 
])hyses arc developed by the anterior vertebrae some- 
times as far as the thirtieth, and the transverse processes 
are short and tumid (Fig. 444). Ribs are almost 
always present in the trunk region, beginning with fio. 444. 

the third vertebra: and being freely articulated by Remit; 

. , , - ,, . ” IT 1 1 1 Hmnatra. Anterior cervical verte- 

a single head, are able to assist in propelling the body. brae, a, atlas; ep, axis; hyp. 
They are long, curved, and frequently hollow ; in the s,S''‘’Ksize’(an’erTAlt<«^^ 
caudal region they are replaced by elongate transverse 

processes. Haemayiophyses are wanting among snakes, and in their stead 
occur stout descending branches of the transverse jirocesses (Fig. 445). 

The cranium (Fig. 446) differs from that of lizards in the constant absence 

^ Andrews, O. TF., Ophidian Vertebrae from Nigeria. Bull. Geol. Surv. Nigeria, no. 7, 1924, — 
Jiolkay, St. Mesophis nopesai n.g., n.sp. Publication of Bosnia-Hercegovina State Museum, 
Sarajevo, vol. xxxvii., p. 125, 1925. — Filfwd, H., Ann. Sci. Geol., vol. viii., p. 270, 1887. — 
FiscJier, G., De serpentibus quibusdam fossilibus dissertatio. Bonn, 1857. — Janensch, W., 
tiber Arckaenphis, etc. Beitr. Pal. u. Geol. Osterr.-Ungarns, vol. xix., p. 1, 1906. — Piero- 
aphenus schweivfurthi Andre w.s, und die Entwicklung der Palaeophideu. Archiv f. Biontologie, 
vol. i., p. 311, 1906. — Ke/tT, J. G., llothrodon pridii, an Extinct Serpent of Giganticj Dimensions. 
I^oc. Roy. Soc, Edinb., vol. xlvi., p. 314, 1926. — Leriche, M., Pedaeophis. Bull. Soc. Beige Geol., 
vol. xxxvi., p. 21, 1926. — Luma, F. A.. New Snake [Pierosptie?n/^ schucherii] from the Eocene of 
Alabama. Proc. U.S. Nat. Mus., vol. xxi., p. 637, 1899. — Meyer, B. von. Coluber atavua aus dem 
Siebengebirge. Palaeontogr. , vol. vii., p. 232, 1860. — Nopcaa, F., Eidolosaurus und Pachyophia, 
Palaeontogr. , vol. Ixv., p. 118, 1923. — Symoliophis-Re.ste. Abh. Bayer. Akad. Wiss., math.- 
nat. Abt., vol. xxx., Abh. 4, 1925.-— A. T. de, RiWision dea Ophidiens fossiles. 
Nouv. Arch. MuaiSe d’Hist. Nat. Paris [2], vol. iii., p. 271, 1880. — Jioemer, F., t^ber Python 
euboeicua. Zeitschr. Deutsch. Geol. Ges., vol. xxii., 1870. — Stvinton, W. E., Daunophia langi, 
gen. et sp, nov. Ann. Mag. Nat. Hist. [9], vol. xvii., p. 342, 1926. — Woodward, A. S,, An 
extinct Ophidian, DinUyaia paiagonica, gen. et sp. nov. Proc. Zool. Soc., 1901, p. 176. 
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of both temporal arches ; complete ossification of the anterior part of the 
brain case ; reduction of the premaxillae ; absence of an epipterygoid ; strong 
^ development of the ectopteiygoid, which joins the max- 

illary and })alato-pterygoid arches ; and movable con- 
J nection between not only all of the last-named bones, 

but between the squamosal and occipital region, and 
^ j: between the rami of the lower jaw. The brain cavity is 

® ^ lateral walls as far as the middle 

^ portion are formed by descending processes of the parietal 
Pifthon Schu frontal. The exoccipital and opisthotic are fused, 

Caufiai' vertebra" ixwterior and the iiiiixilla is ofteii much reduced. All the cranial 
transverse pmc™ and’ its boiies are dciisc aiul ivory-Hkc, and united by smooth 

(l<\scen<ling bratjch ; za, gntUl'CS. 

Slender, conical, recurved, acrodont teeth are usually 
present on the maxillae, premaxillae, pterygoids, palatines, and dentary bones. 
Occasionally they are wanting on the palatines ( and often also on 

the rudimentary premaxillae. In the venomous snakes some of the maxillary 
teeth are hollow and traversed by a canal or groove ending in a slit-like 0 })en- 
ing at the end of the tooth. The 

canal is connected with the tluct of a p ^ f P Ovs 

poison gland, and through it the ^ i h I H Sa 

secretion of the latter is forced when fta 

the animal strikes. Some of the non- 
poisonous snakes also have grooved 

Locomotion among snakes is ac- 
complished by the lateral movements Mx 

of the vertebral column, assisted by Tr Him 

the ribs, the latter being alternately J/ 

pushed forward and the epidermal 
scales drawn after them. 

The existing Ophidia are distri- 
buted principally in the warmer 
regions, only the smaller forms ex- 

tending into the temperate zone. By j,o. 44 ,?. 

far the greater number are terrestrial, crfitaiimhorridnsJMm, south Ammwi. Art, 

although some are amphibious, and ‘fl.’ 

a few are exclusively marine. Fossil «xoccipitai ; orr,s snpraocdpiUii ; /; ptmauii; /»/; 

. 1 n |K>Htfrontal ; yv, palutiius ; pruniaxilla ; 7V, prootic ; 

remains are so rare and usually so yv/, prafrontal; rt, ptorypoid; yw, qimdrat«; 6 'qf, sijna- 

fragmentary that the extinct Ophidia SZ.'),’ Nat. .i«, (atur 

are only imperfectly knowm, and the 

systematic position of many of them is uncertain. The earliest specimens are 
from the Lower Cretaceous of Europe, but they cannot always be clearly dis- 
tinguished from the remains of Dolkhosauridae, 

The oldest known Ophidia, as represented by Pachyophis Nopcsa, from the 
Neocomian of Hercegovina, belong to an ancestral or primitive group, the 
Cholophidia or Gholophidae of JSfopcsa, which seem to have had the jaws com- 
paratively rigid, the zygosphene small, and the ribs not yet completely 
adapted for the peculiar mode of progression characterising the typical snakes. 
They probably lived in the sea. P. vmdwardi Nopcsa is about 40 cm. long, 
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with approximately 180 vertebrae, of which the 46 cervicals are elongated. 
The anterior ribs are much thickened ; the tail is unusually short. Mesophis 
Bolkay, apparently with blunter skull and more laterally compressed trunk, is 
from the same formation aTul locality. Isolated vertebrae showing pachyo- 
stosis from the Cenomanian of Charente, France, of Pendao, Poi tugal, and of 
Egypt, are named Symoliophis Sauvage. 

Some large sea snakes of the extinct family Palaeophidae are known only 
by vertebrae and ribs from the Eocene of western Europe, Africa, and 
southern North America. The ribs agree with those of Paclryophis in lacking 
the prominence (iuher costae) which usually occurs in the ribs of snakes on 
one side of the ])roximal articulation. The vertebrae have a high neural 
s]>ine, a prominence above each postzygapophysis, and usually a hypapo- 
physis both in front and behind. Falaeophis Owen, from Lower and Middle 
hlocene of England and Belgium, also Nigeria. Titanophis Marsh {JJinophis 
Marsh Tier, Hallowell) from Eocene, New Jersey, U.S.A., nearly similar. 
Pterosphemis Lucas {Moeriophis Andiews) from Upper Eocene, Alabama, U.S.A., 
and top of Middle Eocene, Eayum, Egypt, in ]>oth localities with ZeiiglodorL 


j J: a 1) 



(uulun'ensls Fillidl sp. Pliosphoritij of Qu«*icy, Franc<*. /I, Antriioi ; Ji, LateiHl ; C, Inferior; 
I), I’osterior esiH'ct of vrjtebra. r, c«Mitruin ; <f, tmnsvn-M* jn-ocoxs with costal tubercle; sji, neural spine; 
z, zyfrajKij>bysis ; ca, zyj'.uitrum ; tsp, zygosphene. si/.«‘. 

Another sea snake, Archacophis proavns Massalongo, is well preserved in 
the Ui)per Eocene of Monte Bolca, near Verona. According to Janensch it 
has about 565 vertebrae, and there are 450 ])airs of ribs which do not show 
any fuher costae. 

Several genera apparently of Boidae (Protayras Cope ; Boavm, Lithopthis, and 
Lestophis Marsh) have been described from the Eocene of Wyoming and New 
Mexico. Among the Oligoccue Boidae of France, Switzerland, and England 
may be mentioned Palaeopython (Fig. 447) and Srytalophis Rochebnine, and 
Paleryx Owen ; of Colorado, U.S.A., ApheJophis and Calamayras Cope. 

One of the best preserved Miocene serpents is Heteropython euhoeicus 
Roemer sp. from Kiimi, on the island of Euboea. Representatives of the 
Coluhridae {Elaphis Aldr. ; Coluber Linn.) and Erycidae (Scaphophis Roch.) 
have been described from the freshwater Miocene of Oeningen, Steinhoim, 
Giinzburg, Haeder, Weissenau, Ulm, Sansan, Touraine, and other localities, as 
well as from the lignites of Rott, near Bonn. The earliest known poisonous 
snake is Provipera Kinkelin, from the Miocene of Mosbach-Biebrich. A species 
of Bids Gray is recorded by Piveteau from the Upper Miocene (Pontian) of 
Libros, Teruel, Spain ; and the so-called Coluber Jeargii H. von Meyer, from the 
Upper Miocene of Oeningen, Baden, also seems to belong to this genus. 
Erycidae and Crotalidae are known from the Miocene of Colorado and Oregon. 
Daunophis Swinton, a python. Upper Tertiary ; South Burma. 

Nearly all known Pleistocene remains are identifiable with existing genera, 
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but one unusually large poison fang found in a deposit of silt in the Gran 
Chaco, Paraguay, seems to belong to an extinct form. It is strongly curved, 
and measures nearly 6*5 cm. along the outside of the curve {Bothrodon pridii 
Graham Kerr). 

Dinilijsia A. S. Woodward, found with Dinosaurs and Mesosuchian Croco- 
diles in an Upper Cretaceous or Lower Tertiary formation in Neuquen, Argen- 
tina, S. America, is known by^ the skull and part of the vertebral column, 
representing a snake about 2 ni, long. It seems to be related to the burrowing 
snakes of the family of llysiidae now existing in South America and southern 
Asia. 

Gigantophis Andrews is a large python, not less than 9 m. in length, known 
by vertebrae from the Middle Elocene of the E'ayum, Egypt. 

Order 11. THBCODONTIA. 

As Rhynchocephalia, but teeth on margin of jaw with a hollow base and vertical 
successor, each loosely implanted in a deep socket; teeth on palate riulimentary or 
absent ; and, at least some dorsal ribs dmible-headed. Dermal armour usually well 
developed. 

This is a generalised group from which l>oth the Crocodilia and the Dinosauria 
may have been derived. 

Sub-Order 1. EOSUCHIA. 

Bnoui short, with paired external narial opening ; no antorhifal vacuity ,* a 
large pineal foramen ; a tabular (or sujyratemporal) hone present ; a vacuity in 
mandibular ramus. Intercentra throughout vertebral column. 

Family 1. Younginidaed 

Orbit very large ; snout dernier and laterally compressed. Pubis and ischium 
plate-like, with a rhombic median pubo-ischiadic vacuity perhaps occupied by cartilage, 
and a pair of vacuities laterally. Humerus expanded distally, with entepicondylar 
foramen ; hind limb slender, Permian and Triassic. 

Youngina Broom. Skull rugose and pitted. Antorbital part occupying 
half total length of skull ; lateral temporal much larger than superior temporal 
vacuity ; small teeth on vomer, palatine, and pterygoid. A pair of ossified 
sternal bones. Y, capensis Broom, with skull 6 cm. long. Upper Permian 
(Cistecephalus Zone) ; GraafF Reinet District, S. Africa. 

Paliguana Broom. Quadra to-jugal and jugal arch probably incomplete. 
Triassic (Procolopfum Zone) ; Donnybrook, S. Africa. 

Palasagama Broom. Between Youngina and Paliguana, Fifth metatarsal 
short. Cistecephalus Zone ; Kinira, Pondoland. 

Saurostermm Huxley (Batrachosaurus Owen) ; Heleosaurus, Heleophilus 
Broom ; Noteosuchus Broom (Eosuchus Watson nec Dollo). Permian ; S. Africa. 

? Broomia Watson. Tapinocephalm Zone ; Beaufort West District, 
S. Africa. 

^ Broom, R., New Thecoclmit Reptile \fYoungina\ Proc, Zool. Soc., 1934, p, 1072. — Nearly 
complete Skeleton of anew Bosuchian Reptile {Palaeagwnm vidhautri gen. et sp. nov.), Loc, cU,, 
1926, p. 487. — Huene, F, von, Bibliographic references, etc. Palaeont. Huugarica, vol. ii., p. 67, 
1926. — Watson, D, M, S., Eosuchus colletti. Rec. Albany Mus., vol. ii., p, 298, 1912. — Broomia 
perpUsM, Proc. Zool. Soc., 1914, p. 995 (also Broom, R,, loc, cit, 1921, p. 160). 
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Family 2. Tangasauridae.^ 

Aquatic Eosuchia with short neck ami hody^ long tail, Minnie teeth on palate. 
Vertebrae pierced by notochord ; strong neural spines. Humerus expanded at distal 
end, with entepicomlylar foramen. Pubis and ischium platedike, separated only by a 
rhombic median j mho-ischiadic vacuity, perhaps occupied by cartilage. Hind limb 
longer than fore limb. Abdominal ribs present. Permian. 

Tangasaurus Haiighton. Head triangular. Coracoid elongated, with 
foramen ; interclavicle with rhombic expansion anteriorly. Sternal plates 
paired in young, united in adult. Femur sigmoidally bent. Phalangeal 
formula, 2, 3, 4, 5, 3 (4). T. menuelli Haughton, probably about 40 cm. long. 
Tanga, Tanganyika Territory ; and Madagascar. 

Hovasaurus Piveteau. Coracoid rounded, not elongated. Sternal plates 
paired. Body longer and limbs shorter than in Tangasaurus. Quartz pebbles 
abundant in stomach (gastroliths). H. boulei Piv. S. Madagascar. 

Sub-Order 2. PELYCOSIMIA.^ 

Snout short ; an antorbital vacuity ; pineal foramen small or absent ; no tabular 
(or snpratemporal) hone ; m) vacuity in mandibular ramus. Probably cartilaginous 
intercentra. 


Family 1. Er 3 rthrosuchidae. 

Premaxillac short, and external narial openings lateral, near end of snout. 
Parietal region relatively short and broad. Triassic. 

Erythrosuchus Broom. Marginal teeth very deep, laterally compressed, 
more or less serrated on edges. No teeth on palate. Small pineal foramen. 
All vertebrae very short. Tail long and stout, anterior chevrons long. 
E. africanus Broom, with skull nearly 1 m. long. Upper Triassic (Cynognathus 
Zone) ; S. Africa, 

Chasmatosaarus Haughton. Teeth as in Erythrosuchus. A row of minute 
teeth on pterygoid. No pineal foramen. C. imihoepeni Haughton, with skull 
about 40 cm. long. Lower Triassic (Lystrosaurus Zone); Harrismith, Orange 
Free State, S. Africa. 

A compsosaurus Mehl. Pelvis from Triassic, New Mexico, U.S.A. 
Sub-Order 3. PAEASUCHIA. 

Snout much elongated, formed by extended premaxillae, with paired external 
narial opening at base near orbits ; an antorbital vacuity ; pineal foramen usually 
absent ; tabular and postparietal boms present on occiput, hut usually fused with 
parietals and supraoccipital respectively ; a vacuity in mandibular ramus. No 
vertebral intercentra except in atlas and axis. Coracoid notched in place of foramen. 
Bony dermal plates well developed dorsally, in gyart ventrally. 

^ Haughton, S. //., Reptilian Remains from the Karroo Beds of East Africa. Quart. Journ. 
Geol. Soc., vol. Ixxx., p. 1, 1924,— Karroo Reptilia from Madagascar. Trans. Roy. Soc. 
8. Africa, vol. xviii., p. 125, 1929. — Piveteau, J., Ann. Paleont., vol. xv., p. 55, 1926. 

^ Haughton, 8. //. , New Type of Thecodont from Middle Beaufort Beds [Ohasmatosaurm]. 
Ann. Transvaal Mus., vol. xi., p. 98, 1924. — Huene, P. von, Cber Erythrosuchus. Geol, u. 
Palaeont. Abhandl., ii,s,,lvol. x., p. 1, 1911. 
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The FarasucJiia were thus named by Huxley, who regarded them as 
ancestral crocodiles. Although they have no secondary bony palate, the 
internal nares open into an arched cavity in the roof of the mouth formed by 
the solid palate, and the nasal passage may perhaps have been extended a 
little backwards by soft parts. According to C. L. Camp, small funnel-shaped 
foramina, which are scattered over the expanded end of the snout and lower 
jaw in some forms, probably lodged tactile organs. 


Family 1. Belodontidae.^ 

Upper temporal vacuity open, Head hones sculptured. Ahdornhtal ribs in 
three longituduuil series. Triassic. 

Mesorhinus Jaekel. Skull depressed and external narial openings further 
forward than the antorbital vacuities. A small pineal foramen. Teeth 
laterally compressed and spatulate. M. fraasi Jaekel, with skull about 
50 cm. long. Lower Triassic (Middle Banter) ; Bernburg, N. Cermany. 

Belodon H. von Meyer (Lophojerosopus Mehl ; 1 Phytosaurus Jaeger) (Figs. 
448, 450). Skull at least as deep as wide, and rostrum with an irregular, 
vertical, longitudinal bony crest ; external narial openings above antorbital 
vacuities ; no pineal foramen ; parieto-squamosal arch behind the superior 
temporal vacuity depressed. Anterior teeth round in section, ])osterior teeth 
laterally compressed with two sharp edges. A paired series of transversely 
elongated, slightly overlapjnng, large dorsal plates, each with a prominent 
boss near its inner margin ; flanked by a series of smaller plates on each side. 
B. kapjffi H. von Meyer (Figs. 448, 450), known by well-preserved skulls about 
75 cm, in length, also most parts of skeleton. Upper Triassic (Keuper) ; 
Wiirtemberg. The name Fhytosaurus was given by Jaeger to indeterminable 
sandstone casts of tooth-sockets which are probably Belodont, but not 
generically identifiable. 

Machaeroprosopus Mehl (Mefarhinus Jaekel nee Osborn ; Pseud opalat us Mehl) 
(Fig. 449). Rostral crest less developed than in Belodon. The snout relatively 
longer and more slender in the young than in the adult. M. validus Mehl, 
with skull about 1 m. long; M. gregorii Camp (Fig. 449). Upper Triassic; 

^ A}>€l^ O., Die Schnautzenverletzungen der Parasiichier mid ihre Inologische Bedeutung. 
Palaeoiit. Zeitschr., vol. v., p, 26, 1922. — Camp, C. L., A Study of the Phytosaurs. Metn. Univ. 
California, vol. x. , 1930. — Case, E. C.. Skull of a new form of Pliytosaur, with Notes on the 
Characters of North American Phytosaurs. Univ. Michigan Studies, niern. ii., 1929.— Lower Jaw 
of BmchysuchiLs. Contrib. Mus. Palaeont, Ui*iv. Michigan, vol. hi., no. 8, 1930. — Fraas, E., Die 
schwabiseben Trias-Sanricr. Stuttgart, 1896. — Huene, F. von, Beitrage zur Kenntnis nnd 
Beurteilung der Parasiichier. Geol. u. Palaeont. Abhandl., n.s., vol. x., p. 67, 1911. — New 
Phytosaur from the Palisades near New York. Bull. Ainer. Mus. Nat. Hist., vol. xxxii., p. 276, 
1913. — Neue Beitrage zur Kenntnis der Para.siichier. Jahrh. preu8.s. geol. Landesonst., vol. xlii., 
p. 59, 1922. — Ifuxley, T, H., Slagondepis Robertsoni (Agassiz). Quart. Joum. Geol, Soc., 
vol. XV., p. 440, 1859 ; also loc. cit., vol. xxxi., p. 423, 1875, nnd Mem. Geol. Surv., monogr. viii,, 
1877. — Jaded, 0„ Bber einen neuen Belodoiiteu aus dem Buiitsandstein von Bernburg. Sitzb. 
Ge.s. naturf. Freiinde, Berlin, 1910, p. 197. — Lees, J. //., Skull of PaJeorhinus. Joum. Geol., 
vol. XV., p. 121, —McGregor, J. If., The Phytosauria, Mem. Amer. Mus, Nat. Hist., vol. 
ix., p. 29, 1906. — Mehl, M. O., Angidorhiims. Journ. Geol., vol. xxi., p. 186, 1913. — The 
Phytosauria of the Trias. Loc. cit., vol. xxiii., p. 129, 1915. — New or little known Phytosaurs 
from Arizona, etc. Quart. Bull. Univ. Oklahoma, n.s., no. 103, lOlO.^Paendopalatm. Univ. 
Missouri Studies, vol. hi., no. 1, 1928, — Meyer, H. von, llepiilien aus deiu Stiibensandstein des 
Oberen Keuiiers. Palaeontographica, vol, vii., p. 253, 1861 ; vol. x., p. 227, 1868 ; vol. xiv., 
p. 99, 1865. — Sinclair, W. J,, Large Parasuebian from the Trias of Pennsylvania, Amer. Joum. 
Sci. [4], vol. xlv., p. 457, 1918. 
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Arizona. Other species in New Mexico and Texas, perhaps also Utah 
{lleterodmtoswhus Lucas). 

Mj/striosuchus Fraas. Cranium high, sharply separated from the slender, 
subcylindrical snout, which has a spoon-shaped expansion at the end ; 
external narial openings with raised rim, above antorbital vacuities. All 
teeth round in section, delicately fluted. Four series of dorsal plates of 


V 



Fio. 448. art Sq 

liehdon kapffi, H. v. Moyer. Keui»or ; Stultj^art, Wurteniberg. Skull fi oiti suynirior (yl), jtfilutiil (/J), 

and lateral (f') A, orbit; ang, angular; art, articular; Ho, basioccipital ; Ch, inUunal irnres ; a, 

uenttiry ; J>, antAirbitiU vacuity: D', maiidibulai vacuity; cxoccipital ; Fr, frontal; jugal ; A, lachry- 
mal ; Mr, maxilla; iV, ex tenial narial open inga ; Na, luksal ; Fa, parietal; iV, }wlatine; Fnun, premaxilla; For, 
postorbital ; Frf, prefrontal ; Ft, pterygoid ; Ft/, |K>stfrontal ; Qu, quadrate ; QuJ, quadrato-jugal ; lateral 
t 4 'mi>oral vacuity ; S', supratenqioral vacuity ; »s'y, squamosal ; Vo, vomer. 1/7 nat. size. 

nearly equal size ; a ventral shield of smaller plates on the throat. Skeleton 
less stout than in Belodon, M. planirostris H. von Meyer sp., with 
skull about 80 cm. long, snout 60 cm. long. Upper Triassic (Keuper) ; 
Wurtemberg, 

Palaeorhmus Williston. Resembling Mystriosiichus, but snout relatively 
shorter and external narial openings further forwards than antorbital 
vacuities. P. hransoni Will., with skull nearly 80 cm. long. Upper Triassic ; 
Wyoming. 

Rutiodon Emmons {Rhyiidodon Cope) (Fig. 451). As MyMomhus^ but 



348 REPTILIA class m 

some teeth compressed to sharp edges. Triassic ; North Carolina, Pennsyl- 
vania, and New Jersey. 



Fkj. 44‘>. 

Machixeroproftopvn ffretjorii Cunqi. I n}jK‘rfV‘(*t. occiput. Up|>er Triassic ; A iMtchc Co. , Ajizonii. etn\ exocci 
piUil ; ./or. way., foiaincii nuimiurn ; ip, jMistimrietal ; pa, lairictal proutic process; pn, iMi»tori)it;il ; por, 
opisthotic (t>tiroccij)ital) ; so, siipnuiceipiUil ; sq, sciuaniosal : stap. /<>ssa, arrow ixaut iiiK to slapctliul f(»ssu ; tab, 
tabular. 1/3 nat. size (after Cauip). 



Fin. 4f>0. 

lidofion kapffi, H. v. Affjyer. Dorsal scute. Middle Keuji^*!-; \Vilrtenlbel•^,^ V,*{ size (after H. v. Meyer). 


/J 



Fio. 4rn. 

Butiodon cn/roliwAisU Emmona. A, Pectoral arch. It, Pelvis. Both ventral asnect. Ttiassic ; North 
Carolina. Ch claWcle ; Co, coracoid ; Esi, interclavicle ; II, ilium ; U, ischium ; Pu, pubis ; *SVr, scapula (left in 
normal position, right turned outwards). Much reduced (after M ‘Gregor). 

Angistorhinus Mehl. As Falaeorhinus, but external narial openings above 
antorbital vacuities ; hinder teeth much compressed to sharp edges. A, grandis 
Mehl, with skull 1 m. long. Triassic ; Wyoming. 
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Fromi/striosuchus, Lepf,osuchus, Bmchysuchns Case. Upper Triassic ; W. 
Texas. 

Angistorhinopsis F. von Huene. Rhactic ; Basle, Switzerland, and 
Salzgitter, N. Germany. Upper Keuper ; 

Halberstadt, N. Germany. 

? Riley a F. von Huene. Upper Trias- 
sic ; Bristol. 

? Sfagonolepis Agassiz. Imperfectly 
known, with pitted dermal plates. Trias- 
sic ; Elgin, Scotland. 

Family 2. Desmatosuchidae.^ 

Upper temporal vaewity secondarily dosed ; 
a pineal foramen ; snout shorter than in Belo- 
dontidae. Bony dermal plates very extensive, 

Triassic. 

IJesrnatosuchus Case (Fig. 452). Back 
comj)letely covered with dermal plates in 
a broad median paired series and a smaller 
lateral paired series, each of the latter 
plates produced into a prominent point ; 
the first five rings covering the foremost 
ten vertebrae, each other ring covering 
one vertebra. Triassic ; W. Texas. 

Sub-Order 4. PSEUDOSUCHIA. 

Snout small and short, with small pre- 
maxillae and large nasals, and a pair of 
external nariol openings laterally jdaced 
between these hones ; internal narcs far for- 
wards ; an antorhital vacuity ; no pineal 
foramen ; a vacuity in the mandibular ramus. 

No vertebral intercentra except in atlas ami 
axis. One paired series of bony dermal 
plates dor sally. 

Most of these are small lizard-shaped land reptiles, rarely a metre in 
length. 



Fkj. 4.V2. 

J >esmatosw'hus siiureni^is Case. Skull and dorsal 
unnour, doranl aspect, 'rriassic ; \V. Texas. N, 
luirial (jpeiiiiii; ; O, orlnt. ; IV, ant.orbital vacuity ; 

lateral temporal vacuity. Vsa **^6 (after 
Case). 


Family 1. Aetosauridae.^ 

Back completely covered with short and Irroad bony plates. Triassic. 

^ Case, E. 0,, Preliminary Description of a new Sub-Onler of Phytosaurian Reptiles. Journ. 
Geol., vol. xxviii., p. 624, 1920. — Endocranial Cast from Uesmatosuchus. Journ. Compar. 
Neurology, vol. xxxiii., p. 183, 1921.— />. sjturensis, hi Carnegie lust. Washington, Publ. 
no. 321, 1922. 

^ Emersmi, B. K,, and Loomis, F, B., Stegomns longipes, Amer. Journ. Sci. [4], vol. xvii., 
p. 377, 1904. — Frans, E., Aetosanrus crassicanda. Jabresh. Verein f. vaterl. Naturk. Wiartt., p. 
101, 1907. — Fraas, 0., Aetosaurus ferraius. Loc, ciL, vol. xxxiii., p. 1, 1877. — Dyoplax nrenacetis. 
Log. cU,, vol. xxiii., p. 108, 1807. — Hiiem, F, ?y?«, Aetosaurus fenatm, Acta Zoologica, vol. i., 
p. 466, 1920; also vol. ii., p. 330, 1921. — Marsh, 0. C,, New Belodont Reptile {Stegoimis). 
Amer. Journ. Sci. [4], vol. ii., p. 69, 1896. 
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Aiitosaurus 0. Fraas (Fig. 453). Dorsal and ventral armour of radially 
ornamented scutes ; ventral scutes smaller than the dorsal, and almost square. 
Skull triangular, acuminate in front. Antorbital vacuities large, separated 
from the large external nares by a narrow ascending process of the maxilla. 
Twenty-five presacral vertebrae. Interclavicle blade-like. A.ferralus O. Fraas, 
about 85 cm. long. Twenty-four complete but slightly crushed individuals 
are preserved on a single slab of Stuben Sandstone (Middle Keuper), from 



Fi<;. 45.^. 

A'etosaurm farralvs Frans. H»*ad and antmor poit.ion of trunk. ^Middle Kruper ; Heslach, imiv Stut lgart. 
A, orbit ; 1), antorbital vacuity ; N, nariul oj-HUiinK ; N, lateral temi)Oral vacuity. Vy nat. si/e (after O. Fraas). 

lleslach, near Stuttgart, now in the Stuttgart Museum. A. crassicauda E. 
Fraas, about 1-5 m. long. Middle Keuper ; Pfaflenhofen. 

TJyoplax O. Fraas. Middle Keuper ; Stuttgart. Tt/pothorax Cope. 
Triassic ; New Mexico. 

Stepomus Marsh ; Stegomosiichus F. von lluene (for Stfgomus Imgipes 
Emerson and Loomis). Triassic ; Connecticut and Massachusetts. 

Shepardia, Balrachopus, Cheirotheroides Hitchcock. Footprints. Triassic ; 
Connecticut. 


Family 2. Ornithosuohidae.^ 

Dorsal bony plates relatively small and narrow, Triassic. 

Orniihosuchus Newton. Skull pointed in front, very similar to that of 
Aetosaurus, Teeth slightly recurved, with finely serrated anterior and 
posterior cutting edges j three in premaxilla, nine in maxilla, and two man- 
dibular teeth overlapping the gap between these two series. Vertebral centra 
elongated, with very stout neural spines ; one presacral vertebra added to 
sacrum. Ilium elongated, ischium slender, pubis long and rod-like. Limbs 
longer than in Aetosaurus, 0, woodwardi Newton ; 0, taylori Broom. Triassic ; 
Elgin, Scotland. 

Erpetosuchus Newton. Skull narrow and rounded in front. Dorsal scutes 
coarsely sculptured. Triassic ; Elgin, Scotland. 

Euparkeria Broom (Fig. 454). Skull narrow and rounded in front. Three 
teeth in premaxilla, twelve in maxilla, and one mandibular tooth overlapping 

* Botdenger^ Q, A,^ OmUho$uchus, Phil. Trans, Roy. Soc., vol. cxcvi. B, p. 182, 1903. — 
Broom f R., South African Euparkeria and Allied Genera. Proc. Zool. Soc,, 1913, p. 619. — 
Hueue^ F, von, Neue Pseud osuchier, etc. Acta Zoologica, vol. ii., p. 329, 1921. — Newton^ E* T,, 
Reptiles from the Elgin Sandstone. PhU. Trans. Roy, Soc,, vol. clxxxv. B, p. 673, 1894. 
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the gtT.p between these two series. A postparietal bone identified by Broom. 

E, capensis Broom, with skull about 9 cm. long. Upper 
Triassic (Ci/nognathus Zone) ; Aliwal North, S. Africa. 
Erowniella Broom. Upper Triassic ; Aliwal North. 
SaUo2)OsuchusV, von Huene. Middle Keuper ; Wiir- 
temherg. 

Sy naptic h n i u m. 

N opesa. F ootprints from 
English Upper Triassic. 

Cheirothninm K aup 
(Fig. 455).^ Footprints 
shaped much like prints 
of the human hand, but 
with the fifth digit simu- 
lating the opposable 
thumb j those of the fore 
foot much smaller than 
those of the hind foot. 

The skin covered with 
fine epidermal scales or 
tubercles ; the claws 
powerful. In all known 
cases the jn-ints were 
made on soft mud, and 
they are preserved only 
in relief on the over- 
lying slab of sandstone 
or hard shale. They are 
often accompanied by 
sun - cracks. C. harihi 
Kaup, with hind foot 
nearly 25 cm. long, and other species in the 
Lower Triassic (Buntcr Sandstone) of Thuringia, 

Franconia, France (Herault), and Spain (Aragon), 
and in the Upper Triassic (Keuper) of Thuringia 
and England (Cheshire). W. Soergel remarks 
that in the earlier species the fore limbs are 
relatively larger than in the later species, which 
walked almost entirely on the hind limbs. 

Family 3. SphenoBUchidae.^ 

Pseudosuchia without clavicles and with coracoid foramen replaced by a notch, 
Rhaetic. 


Fkj. 454. 

Eupixrh'erUi caitenais Urooin. 
Hknll, dorsal as|x*ct. LIpp(^r 
Triassio ; Aliwal North, South 
Africa. 7/0, basioccij)iUil ; fV, 
frontal; //', postiKinetal ; Jk, 
ju^al ; lachrymal ; Ms, max- 
illa ; N, Tiarial opening; N<t, 
nasal ; J*a, iwrictal ; 7'«0, opis- 
thotic4HXoceipit4»l ; l*F, post- 
froiitnl ; f'nis. prcmaxilla ; Po, 
aiitorbiUl vacuity ; 7'(»(/, post- 
orbibtl ; I'rh\ prcfroiit^ul ; Q, 
qiiadratc ; 0-/, quadrato-.juwal *, 
S’, S”, u])pcr and lateral tern- 
])oral vacuities ; Sit, supra- 
occipital ; Sq, squamosal, 
nat, size (after Uroom). 



Fio. 45.0. 


Footpi’iuts of CJieirotherium luirthi 
Kaup. Lower Triassic (Buntsand stein) ; 
n esaberg, near Hildburghausen. Vo /lat. 
siz® (after Owen), 


Sphenosuchus Haughton, Premaxillae much reduced, and the paired 
external narial openings terminal as well as lateral. Ovoid coracoid much 

* Sjcrgek Die Fahrten der Chirotheria ; eiiie paluobiologische Stndie. Jena, 1925. 

® Tiroom^ R , SpJmvosuchus and the Origin of the Crocodiles. Proc. Zool. Soc., 1927, p. 859. — 
Haughton^ 8, //., New Thecodont from the Storraberg Beds. Ann. S. African Mus., vol. xii., p. 98, 
1915 ; also p. 344, 1924.— F, von. Die Bedeutung der #SpA^;noA’wc//^?w-Gruppe fiir den Ursprung 
der Krokodile. Zeitschr. f. indukt. Abstanim.- u. Vererbungslehre, vol. xxxviii., p. 807, 1926. 
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extended antero-posteriorly. Limbs very slender*. S, acnius Haughton, with 
skull nearly 20 cm. long. Rhaetic (Stormberg Beds) ; Mount Fletcher, Cape 
Colony, S. Africa. 

An imperfect skull (Proterosuchus fertjusi Broom) from the Karroo 
Formation {Procolophon Zone) of Tarkastad, South Africa, may represent a 
fourth family of Pseudosnchia, with minute teeth on the vomers and pterygoid 
bones.^ 


Order 12. CROCODILIA.=' 

Amphibious or aquatic reptiles with shm't nech, a long tail adapted for swimming, 
and limbs too feeble for habitual support of the body. Pioofing bones of the temporal 
region of the skull contracting into an upper and a louver arch, and the large quadrate 
fiiinly fixed ; no pineal foramen ; a secondary palate formed by the growth of plates 
from the premaxillary, maxillary, ami palatine, often also from the pterygoid bones, 
which remove the internal narial opening backwards. Teeth with hollow bases and 
vertical successors, in sockets on the margin of the jaws ; no palatal teeth. Vertebrae 
amphicoelous, amphiplatyan, or jwocoelous ; neural arch united by suture with the 
centrum; two vertebrae in sacrum, llibs double-headed, the cervicals and foremost 
dorsals articulating with both arch and centrum, the others with the arch. Sternum 
cartilaginous ; an interclavicle but 7io clavicles ; coracoid elongated, pierced pn'oximally 
by a foramen. Abdominal ribs present. Pubis excluded from the acetabulum {which 
is perforate) by a process of the ischiwn, Fo7'e limbs nearly always shorter than the 
hinder pair ; hind feet webbed. Usually an armour of pitted bony scutes bequeath 
the horny scales. 

In the structure of their heart and brain and in some other features the 
Crocodilia are the highest of existing reptiles, and in their breathing apparatus 
they exhibit some resemblance to birds. The earliest known genera with a 
typically Crocodilian pectoral arch {Notochampsa Broom; Pedeticosaurus Van 
Hoepen) and a typically Crocodilian pelvic arch {Erythrochampsa Haughton), 
but with comparatively slender limbs, are from the Stormberg Beds (Khaetic 
or Lower Jurassic) of South Africa.^ In the first two genera the skull is 
imperfectly known, but has an elongated snout with paired terminal nostril. 
The earliest typical Crocodilians, of Lower Jurassic age, are all aquatic, and 
throughout the Jurassic and Lower Cretaceous periods they have amphicoelous 
or amphiplatyan vertebrae and the secondary bony palate extending no further 
back than the palatine bones (Sub-Order Mesosuchia of Huxley). Nearly all 
the Upper Cretaceous and Tertiary forms resemble the existing Crocodilia in 
having procoelous presacral vertebrae and the secondary bony palate extend- 
ing back nearly to the hinder edge of the pterygoid bones (Sub-Order Eusuchia 
of Huxley). 

^ Broom, R., New Reptile [Proterosuchus fergusi). Ann. S. African Mus., vol. iv., p. 159, 1903. 

* Hue/m, F. von. Die Bewegiingsart der Extreraitaten bei Krokodilen. Biol. Centralbi., vol. 
xxxiii., p. 468, 1918. — Huxley, T. H., Evolution of the VrocAjdilia. Quart. Joum. Geol. Soc., vol. 
xxxi., p. 423, 1875. — Mook, C. C., Revision of the Mesozoic Crocodilia of North America. Bull. 
Amer. Mus. Nat. Hist, vol. IL, p. 319, 1925. — Nopcsa, F., Classification of the Crocodilia. 
Geologica Hungarica, Series Pal aeon tologica, vol. i., p. 75, 1928. — Parker, W. K., Stnictuxe and 
Development of Skuli in Crocodilia. Trans. Zool. Soc., vol. xi., p. 268, 1888. 

* Broom, R., New CrocodUian Genus [Notochampsa) from the Upper Stormberg Beds of South 
Africa. Geol. Mag. [5], vol. i., p. 582, 1904. — Haughton, S. H., Fauna and Stratigraphy of the 
Stormberg Series. Ann. S. African Mus., vol. xii., p. 358, 1924. 
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A dorsal armour of borly scutes, overlaid by the horny epidermis, is 
nearly always })resent, and there is frequently also a ventral armour. The 
dorsal scutes are externally pitted, more rarely radially sculptured, and are 
often longitudinally keeled. The ventral scutes are flattened, keeUess, less 
prominently sculptured, and sometimes divided (Fig. 456). 

The vertebral column in the existing Crocodilia comprises about twenty- 
five presacral vertebrae, two sacrals, and at least thirty-five caudals. The 
presacral vertebrae except the atlas and axis arc i)rocoelous, and the sacrals 
and most anterior caudals are amphiplatyan. The first caudal is convex 
at both ends. In the Mesosuchia all the vertebrae are amphicoelous or 
amphiplatyan. There are about nine cervicals. The atlas (Fig. 457) 


Kio. 45(5. 

nivi(l«j<l v<*ntial 
of I>iphiC}pho<hni sp. Uli- 
; Europe. 



Fuj. -157. 

Crocodilm rulfpiris Ouv. Rtroiil ; Kwyj^t. Anterior 
tMTvie.al veitoluac, I-IV. n, lalrral pi«‘i;i‘ ol atlas; i>od, 
o<lotitoi<i prmjHss ( = iM*utnini of /it.las); yv, )»roallas ; d-H, 
CMTvicul iil»M ; .r, basal piece of alias (- 



consists of four pieces, and its unpaired ventral piece (x) has been variously 
interpreted as the centrum, intercentrum, or hypapophysis. The paired 
lateral elements are roofed by a median dorsal piece which abuts against 
the occiput and may represent a rudimentary proatlas. The basal piece 
supports a pair of styliforra, single-headed ribs, directed downward and 
backward. Properly speaking, the atlantal centrum is represented by the 
odontoid process of the axis. The five to seven succeeding cervicals bear 
strong neural spines, transverse processes, zygapophyses, parapophyses, and 
frequently also ventral keels or true hypapophyses. The ribs borne by these 
vertebrae are all short, hatchet-shaped, and double-headed. In the first two 
dorsal vertebrae the parapophyses and transverse processes are separated by 
a narrow interspace, and the latter become more elongated as they are followed 
backwards. The parapophyses gradually ascend, passing on to the neural 
arch in the third dorsal vertebra, and thereafter both articular facets for the 
double-headed ribs are borne by the transverse processes. These facet-s con- 
tinue to approximate, and finally become merged with each other in the 
posterior dorsal vertebrae, so that the last rib is single-headed. The lumbars, 
of which there are from four to six, have well-developed transverse pro- 
cesses, but bear no ribs. The short and stout sacral ribs are as a rule 
distally expanded, and suturally united to their centra and neural arches. 
The vertebrae of the anterior half of the tail bear moderately developed 
transverse processes, attached like the sacral ribs to the neuro-central sutures. 

VOL. II 2 a 
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All except the anterior and a few of the posterior caudals bear chevron 
bones. 

The first and second pairs of dorsal ribs are attached to the sternum, which 
is a large, rhomboidal, cartilaginous plate lying immediately above and behind 
the interclavicle (episterniim). The succeeding five to seven pairs are 
connected by means of sternal ribs with the so-called abdominal sternum. 
The sternal ribs are followed by seven pairs of abdominal ribs, of which the 
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Caiman niger Spiv. Skull in jmlatiil (/I), dursitl (/O, rijjlit latp>*al {(.'), un<l wi-ipitnl (/>) anpHctB. Rec(;nt; 
Brazil. Al, alispheiioid (orbiU)sphun()id) ; Jfo, baaioccipital ; ite, l>a.sisphe«oid ; Vk, internal iiarial oponinu ; 
Eo, «xoccipital ; F, Irontal ; Fw, forainan magnum; jugal ; L, lachrymal; Afx, maxilla; N, imaal; Aa, 
external narial optming and vacuity ; 0, orbit; i', parietal; /Vt. palatine; Emx., preinaxilla; /*r/, prefrontal; 
1% pterygoid; /Vi postfrontal; Q, quadrate; qua«irato-jugal ; .Si, sn, upi)er and lateral temporal vacuity ; 
.S'o, supraoccipital ; Sq, squamosal ; Tr, transverse (ectopterygoid) ; V, vomer, n/j nat. size. 

posterior is the most strongly developed, and unites with the pubic cartilage. 
Cartilaginous uncinate processes are borne by the dorsal ribs. 

The external head bones are almost always coarsely sculptured. The 
oval or rounded orbits, which in the earliest Crocodilia are well enclosed by 
bone, are in the later forms partly confluent with the lateral temporal vacuities 
through the inward displacement of the slender postorbital bar. The parietal 
and frontal are unpaired in the adult, and in the earlier forms the frontal 
enters the margin of the superior temporal vacuity. There is never a pineal 
foramen. A small median postparietal has been observed in some young 
individuals of existing Croc^Uia and in the Cretaceous Dyrosaurus. The 
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squamosal is a triangular bone forming the postero-extcrnal border of the 
superior temporal vacuity. Postfrontals, prefrontals, and lachrymals are all 
variable in size. The nasals are long, triangular bones, usually reaching the 
premaxillae, and sometimes even the external nostril. The mriMa 

narial opening is usually undivided, always terminal, and HHB 

enclosed by the short, paired premaxillae, sometimes in 
part by the nasals. The (juadrate is broad and immovably 
united with the surrounding elements. 

The lower side of the skull (Figs. 458, A ; 459, 460) is 
characterised by a great development of the secondary MJ|i!| llW 
palate, formed by horizontal expansions of the premaxillae, 
maxillae, and palatines, and in the later Crocodilia also of 
the pterygoids. The palate is jnerced by a pair of moderate 
or large-sized infraorbital vacuities. This extensive rooting 
of the mouth cavity, which usually conceals the vomers, 
causes the internal opening of the nasal passage to be dis- ^ 
placed far backwards. A transverse bone (ectopterygoid) Bo ftii 

is present, connecting the pterygoid with the maxilla and Fm. 459 . 
iimal (Fig. 460, T), Modern gavials exhibit in the adult reiarjosaums lem^ny 
male a pair of bulbous outgrowths {hu) of the ])alatines Lius; cuVcy/caivados. 
which commimicate with the nasal passage and function Imu' ’ 3io»™g 
as air-reservoirs (Fig. 460). tpici me^suoi.i.i. p«i- 

The mandibular ramus is composed of the usual six ch, iiit^‘riiai nares; j, 
pieces, one of which, the articular, is pneumatic. A large 
foramen communicating with the inner cavity of the jaw is 
almost always present between the angular, suranguiar, 
and dentary. The sym^ihysis is formed by the latter element alone in the 

broad -nosed forms, by the dentary and splenial 
Mx if A together among the long-nosed species. 

Numerous conical teeth of oval or circular cross- 
PI section, smooth or striated, and frequently carinated, 

are inqdanted in deep alveoli along the margin of 
mYrnm, the jaws. They are often irregular in form and 

' ^ their number remains constant for particular 

^ species, and in many cases also for the genus. 

^0 1 ' lH In the pectoral arch clavicles are wanting. The 

scapula is elongated and expanded at either end, as 
coracoid. The latter is thickened in its 
proximal portion, and pierced by a round foramen. 

Fig. 460 . The humerus is stout, slightly curved, and exhibits 

Gaviaiia gangetiem Oeoftr. near the head a coiispicuous process as well as a 
JSSior hSffV “SiirJSowinB deltoid crost. Its distal end is furnished with two 
eusuchian secondary palate. Ho, facets for the bones of the second segment, of which 

basioecipital; hu, ossitlod air- , , . n i i i /t-»‘ 

chambers; ch, internal nares ; j, the ulna IS generally somewhat the longer (rig. 

461). The proximal row of the carpus contains 
inyo^euTt^HK elongated elements (radiale and ulnare, both 

constricted in the middle), and a small pisiforme to 
which the fifth metacarpal is attached by ligaments. The two radial digits 
are slightly stouter than the three ulnar digits. 

Of the three elements of the pelvic arch (Fig. 462), the pubis is excluded 


Oavialis gangetiam 
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from the acetabulum, and borne on a prominent anterior process of the 
ischium. The pubis is long and slender, with a thiti distal expansion 
which scarcely touches its fellow, but adjoins a median unossified plate 
extending to the posterior abdominal ribs. The ischium 
meets its fellow in a long median symphysis. The ilium 
is a strong bone with curved upper margin, and extended 
antero-posteriorly ; its enlarged anterior portion is attached 
to the sacral ribs. The ischium is sometimes regarded as an 
ischio-pubis, and the pubis is theti identified as a prepubis. 
The pubis, however, gives attachment to muscles homologous 
with those of the pubis in Sphemdon and Larertilia, The femur 
is longer and more slender than the humerus, and without 
an inner trochanter ; tibia 
and fibula are of about 
equal proportions. There 
are two rather large proxi- 
mal tarsals, a calcaneum 
(fibulare) and astragalo- 
scaphoid, the latter re])re- 
senting the coossified 
ti biale, centrale, and iiiter- 
medium. Two bones are 
likewise present in the 
distal row, of which the 
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Right loro limb of 
Crocodile. iJ, rmliiis ; 

H, Ulna ; rAS, distal 
carp.ils; j», pisiforiiu! ; 

iiinare; cuboid is tho larger, and 
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P^•lvi8 of (’rocodiU*. 
ilf ilium ; is, ischium ; pu, i)abi8. 


supports the third, fourth, 
and the rudimentary fifth metatarsal. There 
are only four complete digits, the fifth being 
represented by its metatarsal. The three inner digits of both pcs and manus 
are provided with claws. 


Sub-Order 1. MESOSUCHIA. 

Secondary palate formed hy the maxillae and palatines ; lateral eustachian tubes 
forming open grooves on the hasisphenoid. Vertebrae amphicoelous or atnphijdatyan. 


Family 1. Teleosauridae.^ 

Snotit m,uch elongated. Nasals not reaching the premaxillae and external nostril. 
Orbits entirely enclosed^ superiorly or more rarely laterally directed^ and notably 
smaller than the subrectangular supratemporal vacuities. Postorbital bar not 
inwardly displaced. Frontal entering margin of supratemporal vacuities. Pre- 

^ Andrews^ O. W,, Catal. Marine Rept. Oxford Clay, Brit. Mus., pt. ii., p. 80, 1913. — Auer, 
E.y Einige Krokodile der Juraformation. Palaeontographica, vol. Iv., p. 217, 1909. — d*AUo7ij M,, 
and Burmei^ter^ II. ^ Der fossile Gaviale von Boll. Halle, 1854. — Berckhtruer^ F., Krokodilier des 
schwabischeu oberen Lias. Neues Jahrb. f. Miii., etc., Beil.-Bd. Ixiv., p. 1, 1929. — Bronn^ 11. G.^ 
and Kaup, J. J., Ueber die gavialartigen lieptilieu der Liasfonnation, Stuttgart, 1841, — Colloid 
L.f Tdeidosaurus gaudryi, Mem. Acad. Sci. Dijon [4], vol. x., p. 41, 1906. — BeslongehampSt 
E. E.y Notes paleontologiques. Caen and Paris, 1863-69. — Le Jura Normand, Caen and Paris 
1877-78. — Dulongchampa., J. A. E,, M4moire sur les Tel^osanriens de iV^poque jiirassique. M6m. 
Soc. Linn. Norm., vol. xiii., 1863. — Nopesa^ F., Reptilian Bones from Eocene of Sokoto. Geol. 
Surv. Nigeria, Occasional Paper no. 2, 1925 [microscopic structure of bones of Dyromimis^ etc.]. — 
Thevenin^ A.<, Le Dyrosaurus des Phosphates de Tuuisie. Ann. PaUont., vol. vi., p. 96, 1911. 
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frontals small, lachrymals well demloyed. Antorhital vacuities small, laterally 
placed. Teeth conical, slender, closely set. Mamlihular rami united in a long 
symphysis formed hy the dentary and splenial. Vertebrae amphicoelous. Fore 
limbs only about half as long as the hinder pair. Dorsal armour consisting of 
a paired series of broad, overlapping plates ; ventral plates suturally united, forming 
several more or less irregular series, or a mosaic of small polygonal scutes, Jurassic ; 
f)erhaps surviving until Lower Eocene. 

The members of this family, which lived chiefly in the sea, closely 
resemble modern gavials in size and general apjjeaiance, except that they have 
smaller heads and more weakly developed fore limbs. The principal diflfer- 

A c J> 



Fig. 4()3. 


TeleoHatirm mdoniensu Qtiofiroy. Bathoniaii ; Caeii, Calvados. ^4, Palatal. LatfTal. C, Upper aspects 
of skull. D, Mandible. A, orbit; ang, angular; art, articular; Bo, basioccipital ; R'tph, basispbenoid ; Ch, 
internal nares ; D, mandibular vacuity ; d, dentary; Fr, frontal ; La, lachrymal ; Mr, maxilla: Na, nasal ; op, 
splenial ; Pa, parietal ; PI, palatine ; Pnix, premaxilla ; Prf, prefrontal ; Qu, qua<lrate ; ywj, qnadrato-jugal ; 
S, 8 uprat<unporal vacuity ; S', lateral temporal v.icuity ; Sq, squamosal ; 7\ transvtTse (ectoptcrygoid) ; a?, sur* 
angular. About 1/3 nat. size (after B. Deslongchamps). 


ences are to be found in the characters of the palate, eustachian passages, verte- 
bral centra, ventral armour, and absence of hypapophyses in the cervical region. 

Mystriosaurus Kaup. Snout gradually tapering and premaxillary region 
expanded; orbits directed upwards; superior temporal fossae elongated. 
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Ventral border of internal nares angulated, the palatines meeting in the 
middle line at an acute angle. Teeth implanted nearly vertically, with 
anterior and posterior carinae. Tracheal rings sometimes preserved (hgured 
by Branca as vertebrae of a swallowed reptile in Abhandl. k. preuss. Akad. 
Wiss., phys.-math. Cl., 1907, pi. i., fig. 1, 1908). The swimming membrane 
between the toes of the fore and hind feet also sometimes preserved. Known 
by complete skeletons from the Upper Lias of Wiirtemberg, Franconia, and 



Fio. 4(54. 

TeUosaurus eathmensia GtioflTroy. liathoiiisTi ; Ca«n, Calvados. Portion of dorsal (/I), and ventral 
(/i) armour with vertebme, pelvis, and hind limbs (restored by E. Deslonpchamps). 


England. M, hollensis Jager sp. ; cJiapmani Kbnig sp. Skull attaining 
a length of 1 m., and total length upwards of 6 m. 

Felagosaurus Bronn (Fig. 459). Like the preceding, but much smaller, 
the snout tapering more gradually, and orbits laterally directed. Sclerotic 
plates present Antorbital vacuity much reduced or absent; suborbital 
vacuity in the palate large; internal narial opening of pyriform outline. 
F, typus Bronn, about 1 m. in length ; some species 2 m. Upper Lias of 
Southern Germany, England, and France. 

Steneosamus GeofFroy {Leptocranius Bronn ; Sericodon H. v. Meyer). 
Differs from Mystriosaurus in having the internal narial opening rounded, 
palatines more expanded, and frontal small. Dorsal scutes united by peg- 
and<8ocket joint. Bathonian to Kimmeridgian of Europe ; Middle Jurassic of 
Madagascar. S, leedsi Andrews, known by nearly complete skeleton, with 
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skull 85 cm. long, from Oxfoi'd Clay, Peterborough. Nine or ten cervical, 
fifteen dorsal, two sacral, and about forty caudal vertebrae. 

Mycterosuchus Andrews. As Sfeneosaurusy but snout suddenly narrowed 
in front of orbits, and dermal scutes thicker. M. nasntus Andrews, with 
skull 1 m. long. Oxford Clay ; Peterborough. 

I'eleosaurm Geoffroy (Figs. 463, 464). 8kull much elongated and narrow ; 
snout flattened, thin, with rectilinear edges ; teeth curved outwards ; orbits 
circular, directed upwards. Dorsal scutes longitudinally keeled in sacral and 
caudal regions ; ventral armour a mosaic extending between the limb girdles. 
Lower Jurassic. 2\ rAidornensis Geoffroy. 

yleolodon II. v. Meyer. Upper Jurassic. Teleidoscmrus Deslongchamps. 
Bathonian ; N. France. 

Ihjromnrus Pomel. Skull essentially Teleosaurian, but nasals extended 
perhaps to the narial opening. L). P. Thomas sp., with skull 

about 1 ni. long, from Lower Eocene (Paleocene), Gafsa, Tunis. Fragments 
probably of this genus also in Paleocene of the Sudan, Nigeria, and Togoland. 

Eggs apparently of Teleosaurians are known from the Upper Lias of 
Whitby and the Great Oolite of Cirencester (Oolithes hathonicae Buckman).^ 

Family 2. Pholidosauridae.2 

As Tcleosauridae, but supratemporal vacMities relatively small^ postorhital bar 
inwardly displaced^ nasals extending forwards to iwemaxillae^ internal nares further 
backy and fore limbs relatively larger. Upper Jurassic and Cretaceous, perhaps 
also Lower Eocene. 

The members of this family are known chiefly from estuarine and fresh- 
water deposits in the Purbeckian, Wealden, and Lower Cretaceous in Europe, 
Upper Cretaceous of North America, and perhaps Eocene of West Africa. 

Pholidosavrus H. v. Meyei* {Macrorhynchus Dunker). Teeth round or oval 
in section, longitudinally striated, in uniform series of about thirty on each 
side in either jaw. Ventral armour a mosaic of polygonal scutes. Purbeckian 
and Wealden of England, and Neocoraian (Hils Sandstone) of Hanover. 

Petrosuchus Owen. Purbeckian ; Dorset. 

Crocodileimus Jourdan. Ventral scutes polygonal. Upper Jurassic 
(Lithographic Stone) ; Cerin, Ain, France. 

Teleorhmus Osborn. T, browni Osb., with skull 1 m. long. Upper 
Cretaceous (Fort Benton Group) ; Montana. 

^ Hyposaurus Owen. Upper Cretaceous; New Jersey. 

? JVurnosaurus, PhabdognatJm% Sokotosaums Swinton. Fragments of rostrum 
found with specialised Teleosaurian vertebrae. Lower Eocene; Nigeria. 

? Congosaurus Dollo. Ventral scutes quadrangular, in imbricating transverse 
rows. C, beqmerti Dollo, with skull 70 cm. long. Lower Eocene (Paleocene) ; 
Landana, Congo. 

^ Buckmmn^ Fossil Reptilian Eggs from the Great Oolite of Cirencester. Quart. Joum. 
Geol. Soc., vol. xvi., p. 107, I860.— 3/c/7m>re, .SL, Reptilian Egg from the Lias of Whitby. Ann. 
Rep. Yorks.# Phil. Soo., 1980. 

* Andrews^ C, H’"., Skull and Part of Skeleton of a Crocodile from the Middle Purbeck of 
Swanage, etc. Ann. Mag. Nat. Hist. [8], vol. xi., p. 485, 1918. — Dollo, L., La D^courerte de 
Ti'ilcosauriens Tertiaires an Congo. Bull. Acad. Roy. Belg., Cl. Sci. , no, 7, p. 288, 1914. — 
Osbom, If, F,, Teleorhintis brotoni. Bull. Ainer. Mus. Nat. Hist., vol. xx., p. 289, 1904. — 
Siointon, W, E,, Fofsil Re])tilia from Sokoto Province. Geol. Surv. Nigeria, Bull. no. 13, 19t0. 
— Watson, 1), M, S., Mem. and Proc. Manchester Lit. and Phil. Soc., vol. Iv., mem. 18, 1911. 
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Family 3. Metriorhynchidae.i (Tlialattosuchia E. Fraas.) 

Snout elongated, Xasals relatively large, sometimes reaching the jiremaHllae. 
Frontal entering inargin of supraternjwral vamities. Frefrontals very large and over- 
hanging the orbits, which are directed forwards and outwards. Sclerotic plates present. 
Orbit separated from the lateral temporal vacuity by a slender, inwardly displaced 
postorbital bar. Teeth conical and carinate, usually laterally cmnpressed. Vertebrae 
amphiplatyan or slightly arnphicoelous. Fore limb greatly reduced ami pmddle-like. 
Hind limb large. Tail long, the end bent downwards and 
bearing a caudal fin. No dermal armour. Middle and 
Upper Jurassic, and Lower Cretaceous. 

These Mesosuchian 
crocodiles were com- 
j)letely ada])ted for life 
in the open ocean. 

Metriorhynchus JI. v. 
Meyer {Suchodus Lydek- 
kcr)(Fig. 465,.^). Skull 
gradually tapering 
without expansion at 
end of snout, feebly 
sculptured. External 
nostril large, upwardly 
directed. Teeth not 
serrated, from sixteen 
to forty on each side of 
each jaw according to 
the length of the snout ; 
three pairs in the pre- 
maxillae, the hinder two relatively large. Seven cervical, about seventeen 
dorsal, one or two lumbar, two sacral, and not less than thirty-five caudal 
vertebrae. M. superciliosum Blv. sp., M. moreli Deslong., and other species. 
Oxfordian and Kimmeridgian ; England and N. France. Also Patagonia. 

Geosaurus Cuvier (Halilimnosaurus Ritgen ; Cricosaurus Wagner ; Rhacheo- 
saurus H. von Meyer) (Fig. 465, B). Teeth finely serrated. Seven cervical, 
about eighteen dorsal, two lumbar, two sacral, and about fifty caudal 
vertebrae, of w^hich twenty -seven are in front of the downward bend for 
the caudal fin. Fore paddle shorter and broader than in Metriorhynchus. 
G. giganteus Summering sp., and other species from 2 m. to 2-5 m. in length. 
Upper Jurassic (Lithographic Stone) ; Bavaria and Wurtemberg. 

^ A mnum, L. von, Jurassisdie Krokodile aus Bayern. Geogn. Jahresh., Miinchen, Jahrg. 18, 
p. 62, 1905. — Andrews, C. W., Catal. Marine Kept. Oxford Olay, Brit. Muh., i>t. ii., pp. x, 
143, 1913; also Geol. Mag. [6], vol. ii., p. 444, 1915. — Arthaher, O. vo7i, Organisation und 
An passungserschein ungen des Genus Metriorhynchus. Beitr. Palaont. Osterr.-Ungarns, vol. xix., 
p. 287, 1906 ; also Central bl. f. Min., etc,, 1907, i»p. 385, 502. — Auer, E., Genus Metriorhynchus. 
Centralbl, f. Min., etc., 1907, pp. 358, 536. — BroUi, F,, Beobachtungen an Oeosaurus. Centralbl. 
f. Min., etc., 1931, Abt. B, p. 232. — Fraas, E., l)ie Meer-Crocodilia {Thalattos^ichin) des 
oberen Jura. Palaeontographica, vol. xlix., p. 1, 1902. — Nopesa, F., Bystematische Stellung von 
Neu8tosaurna-B.fi.^^Bx\. Centralbl. f. Min., etc., 1903, p. 504. — Piveteau, J., Le Reptile de 
Gigondas et revolution des M6triorhynchides. Ann. Paleont., vol. xvii., p. 30, 1928. — Schmidt, 
W. E., Metriorhyncfms jaekeli, nov. sp. Zeitschr. Deutsch. Geol. Ges,, vol. Ivi., Protokolle^ 
p. 97, 1904. 


Firi. 465. 

Fore limbs of MetriorhynchUiae. A, Metriorhynehiig ajK Left fore limb. 
Oxford Clay; J’eterborongh, Alsmt *</5 ii.U. size (aft(*r Atnlrews). 
/i, (immuruH sveviens E. Fruas. F<ire limb modified info a {Kiddie. Litho- 
graphic SUnie ; Wurttmibeif};. V:< uat. size {after E. Fiims). //, humerus ; 
itic.I.-V., inetacarpals ; H, radius; ri, mdiale; V, ulna ; iti, ulnare. 
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Dahosaurus Quenstedt {Plesiosuchus Owen). Perhaps identical with 
Mef/riorJu/ncJms. Skull comparatively short and broad. Teeth not serrated. 
Middle and Upper Jurassic; Wiirtemberg and Bavaria. Kimmeridgian ; 
England and France. A nearly complete skeleton of 1). maxmins Plien. sp., 
4 m. long, in the Stuttgart Museum. 

Neustosaiirys Kaspail. Neocomian ; Vaucluse. 

JEnaliosuchas Koken. Neocomian ; N. Germany. 

F.iiiiilv 4, Atoposauridae. 

Lizard-fihapnl small Afesosuchians with a broad, triangular skull. Orbits larger 
than supraiemporal vacuities ; narud opening sometimes divided by premaxillae and 
nasals; posforbiial bar slender ami inwardly displaced. JAmhs long and slender. 
Dorsal armour narrow, consisting of a paired, longitudinal series of oblong plates ; no 
ventral armour. Upper Jurassic. 

Alligatorium Jourdan. External cranial bones coarsely sculptured ; hind 
limbs longer and more robust than the anterior pair. Total length about 



Fia. 

AlUgatorellvs Inaumonti JfJiinJan. UpinT Jurassic ; Cerin, Ain, France. 1/2 nat, size. 


40 cm. Lithographic Stone ; Cerin, France ; Montsech, L6rida, Spain ; 
and Bavaria.^ 

Alligatorellus Jourdan (Fig. 466). Cranial bones faintly sculptured. Tail 
very long; at least thirty caudals. A. heaumonti Jourd., 22 cm. long. Litho- 
graphic Stone ; Cerin, France. 

Atoposaurus H, v. Meyer. Tail very long, comprising over fifty caudals. 
Lithographic Stone ; Cerin, France ; and Bavaria. 

Family 5. Q-oniopholidae.^ {Metamesosuchia Hulke.) 

Snout short or moderately long and broad. Orbits sometimes smaller than 
supratemporal vacuities, of which the frontal enters the margin, Postoi'bital bar 

* BroUi, F,, Die Gattuiig AUigatorinm im oberen Jura voii Franken. Sitzb. Bay. Akad. 
Wiss., matb.-naturw. Abt., 1981, p. 63. 

2 Dollo, L., Premi^sre Note sur les Crocodiliens de Bornissart. Bull. Mus. Roy. d’Hist. Nat. 
Belg., vol. ii., p. 809, 1883.— IF. J., New Crocodile from Jurassic of Wyoming. Ann. 
Carnegie Mus., vol. iii., p, 431, 1905. — Uodey, R. IF., Skull and Skeleton of Goniqpholis crassi- 



362 


REPTILIA 


CLASS III 



Fui. 4H7. 


slender and inwardly displaced. Internal narial opening at hinder margin of 
palatines and hounded in part hy the pterygoids. Dorsal armour comprising two or 
more longitudinal series of overlapping and sometimes articu- 
lating scutes ; ventral armour present, Upj)er Jurassic and 
Cretaceous. 

Goniopholis Owen (Diplosaurus Marsh ; Amphicotylus 
Cope) (Fig. 467). Snout moderately long, nasals not 
(juite reaching external nostril ; suj^ratemporal vacuities 
larger than the orbits. Teeth stout, carinated and 
vertically grooved. Dorsal scutes united by peg-arid- 
socket articulation. Ventral armour consisting of seven 
to ten longitudinal series of polygonal plates united by 
jagged sutures. G. crassidcns Owen, with skull 55 cm. 
long, from English Wealden. G. simus 
Owen, known by complete skeletons 
about 2 m. long, has limbs of equal 
puibeckmn; swjiiiaKe, Dor- Size, rurbeckiaii and Wealden; Eng- 

Belgium, and Northern Germany, 
internal naivs; Other species ill Upper Jurassic and 

tine; pterygoid, i/gnat. _ * i a • i 

sij«e (after Huike). Lower Oretaceous of JNorth America and 

Brazil ; and U. Cretaceous, New Mexico. 

Coelosuchus AVilliston. Upper Cretaceous ; Wyoming. 

Bernissartia Dollo. Supratemporal vacuities smaller than 
the orbits ; nasals not reaching the external nostril. Twenty Afachimomurus huijn 
irregular teeth on each side of either jaw; fore limbs much 
shorter than the hinder pair. Dorsal armour with more 
than two longitudinal series of overlapping scutes ; ventral 
scutes also overlapping. B, fagesi Dollo, 1 m. long. Wealden ; Belgium. 

Machimosaurus H. v. Meyer (Fig. 468). Teeth obtusely conical, strj^^ngly 
striated. Upper Jurassic ; Europe. 

Nannosuchus Owen. Dwarf crocodiles similar to GoniopholiSy but with 
slender, curved, smooth, and more uniform teeth. Skull about 10 cm. long. 
Purbeckian ; Dorset. Oweniasuchus A. S. Woodw. (Brachydectes Owen). Ibid. 

Theriosuchus Owen. General form approaching that of modern crocodiles. 
Supratemporal vacuities smaller than the orbits ; teeth tumid and very 
irregular ; mandibular symphysis short. Dorsal scutes overlapping and also 
united at their outer angles by peg-and-socket articulations ; ventral scutes 
polygonal, united by sutures only. T, pusillus Owen, less than 50 cm. long. 
Purbeckian ; Dorset. 

? Symptos'ochus Ameghino ; Microsuchus Dolgopol de Saez. Cretaceous ; 
Patagonia. 

? Doratodon Seeley. Upper Cretaceous ; Gosau, Austria. 
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dem, Qaart. Journ. Geol. Soc., vol. Ixiii., p. 60, 1907 . — llulkty J, TF., Two Skulks from the 
Wealden and Purl»eck Formations. Quart. Journ. Geol. Soc., vol. xxxiv., p. 877, 1878. — Mook^ 
C, C,f Bevlsion of Mesozoic Crocodilia of North America. Bull. Amer. Mus. Nat. Hist., vol. li., 
p. 319, 1926. — Owen, R., Reptiles of Wealden and Purbeck Formations, Supplements viii., ix. 
Palaeont. Soc., 1878-79. — Association of Dwarf Crocodiles with the Diminutive Mammals of the 
Purbeck Shales. Quart. Journ. Geol. Soc., vol. xxxv., p. 148, 1879 . — WUlisiony <8. TT., American 
Amphicoelian Crocodiles. Journ. Geology, vol. xiv,, p. 1, 1906. — Woodward^ A, JS,, Qoniopkolis 
hartti from Bahia (Brazil). Quart. Journ. Geol. Soc., vol. Ixiii., p. 132, 1907. 
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Ftimily 6. Notosuchidae.^ 


Snout very shorty and quadrate hone only slightly inclined backwards. Orbits 
much larger than the superior temporal vacuities, and the frontal excluded from the 
latter by the union of the parietal with the posffrontals. Posforhital bar slender and 
inwardly displaced. J^acuity in 
mandibular raynus very large. No ' 
dermal armour. Cretaceous » 


(?and Upj)er Jurassic). 

Notosuchus A. S. Woodward. 
Head bones nearly smooth. 
Large nasals reaching single 
narial opening, which is directed 
forwards. A small antorbital 
vacuity. Three incisiform and 
one caniniform tooth in pre- 
maxilla, seven nearly uniform 
teeth in maxilla ; no lower 
canine. Fore limb not much 
smaller than hind limb. N. 
terrestris A. S. Woodw., with 
skull 18 cm. long. Probably 
Upper Cretaceous ; Neuquen, 
Patagonia. 

Cynodontosurhus A. S. Wood- 
ward. Lower canines work- 
ing on upper canines. Same 
locality. 

Libycosuchus Stromer (Fig. 
469). Nasals dividing the 
narial opening into two laterally 
directed nares. No antorbital 
vacuity. L. brevirostris Stromer 
(Fig. 469), with skull about 18 
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TAbyeoHiwhiiii hreviro&tris Stromer. Skull and mandible, upper 
and right lateral aspects. Cenomanian ; Egypt. narial open- 
ing; O. orbit; .s’l, .s-, upixirand lateral temiK^ral vacuities. V4 
nat. size (after Stromei ). 


cm. long. Cenomanian ; Egypt. 

1 Hoplosuchns Gilmore. Upper Jurassic (Morrison Formation); Utah, 


U.S.A. 


Sub-Order 2. EUSUCHIA. 

Secondary palate formed by plates from the maxillae, palatines, and pterygoids ; 
lateral eustachian tubes piercing the basisphenoid ; postorbital bar slender and 
inwardly displaced. Presacral vertebrae procoelous. 

This group comprises most Cretaceous and Tertiary, and all modern 
crocodiles, among which some are long-snouted forms, but most are of the 
broad-snouted type. 

^ Qilmore, C. IV., New Aetosauriaa Reptile from the Morrison Formation. Ann. Carnegie 
Mus., vol. xvi., p. 825, 1926. — Stromer, E. von, Wirbeltierreste der Babarije-Stufe. Abhandl. k. 
hay. Akad, Wise., math.-phys. Kl., vol. xxvii., no. 3, 1914. — Woodward, A. Two Mesozoic 
Crocndilians from the Red Sandstones of Neuquen. Anales Mus. La Plata, Palaeont, Argent., 
no. 4, 1896 ; also Outlines of Vertebrate Palaeontology, p. 221, 1898. 
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Family 1. Hylaeoohampsidae.^ 

Primitice small Flusuchia, with the large transverse hone of the palate hifurcating, 
leaving a vacuiti/ between it and the jugal and maxilla, Wealden. 

llylaeochampsa Owen (? Ileterosuchus Seeley). Skull of 11. veciensis Owen 
about 10 cm. wide at occiput. The procoelous vertebrae named Ileterosuchus 
valdenshi Seeley, probably belong to the same genus. English Wealden. 

Family 2. Stomatosuchidae.^ 

Skidl broad and Jlat, with preorhital region very much elongated. Superior 
temporal vacuities very small, and front als excluded from them; orbits far back and 
directed upwards. Mandible toothless, with weak symphysis. Cervical vertehrae 
without hypapophyses. Upper Cretaceous. 

The shape of the mandible seems to show that these crocodiles had a 
mandibular pouch like that of a pelican. 

Stomatosuchus Stromer. Upper jaw with small teeth. Lower border of 
mandible with wing-like bony process for support of pouch. S. inermis 
Stromer, with skull about 2 m. long. Lower Cenomanian ; Baharije, Flgypt. 

Family 3. Tomistomidae.^ (Rhynchoauchidae.) 

Snout much produced, passing gradually into the facial region. Nasals long and 
narrow, their anterior ends intercalated between slender jnvcesses of the premaxillae, 
but not reaching the external nostril. Prefrontals small, lachrymals large. Orlnts 
irregularly oval, about as large as or larger than the superior temporal vacuities. 
Splenials entering the elongated mandibular symphysis, which bears about ffteen pairs 
of teeth. Ventral armour absent. Upi)er Cretaceous to Kecent. 

The Upper Cretaceous genera, Thoracosaurus and Holops, retain the 
primitive character of the frontal entering the margin of the superior temporal 
vacuities. 

Thoracosaurws Leidy (Sphenosaurus Ag.). Premaxillae spatulate in form, 
lachrymals unusually large. Superior temporal vacuity transversely oblong, 
slightly larger than the orbits; small antorbital vacuity present. About 
twenty-four curved teeth on either side in each jaw. Upper Cretaceous ; 
New Jersey, Holland, France, and southern Sweden. 

^ Andrews, C. W., Note on the Skull of IlyUicochampsa. Ann. Mag. Nat. HiHt. [8], vol. xi., 
p. 492, 1913. 

Nopcsa, F., Neue Beobachtungen an Stmnatusuchus. Centralbl. f. Min., etc., 1926, Abt. B, 
p. 212. — Stromer, K. von, Wirbeltierreste der Baharije-Stufe. Abhandl. Bayer. Akad. Wiss., math.- 
naturw. Abt., vol. xxx., no. 6, 1925. 

® Delia, L., Kosuchus lerichei. Bull. Soc. Beige Geol., etc., vol. xxi., Proc.-Verb., ]). 83, 1907. 
— Jolmvd, L., Les Crocodiliens du Pliocene d*Eau douce de TOmo (6thiopie). Livre Jubil. 1830- 
1930, Soc. Geol. France, vol. ii., p. 411, 1930. — Koken, E., Thoracosaurus macrorhynchus Bl. 
aus der Tuffkrei<le von Maastricht. Zeitschr. Deutsch. Geol. Ges., vol. xl., p. 754, 1888. — Mook, 
C. C., Skull Characters and Affinities of Gavialosuchus americana (Sellards). Bull. Amer. Mus. 
Nat. Hist, vol. xliv., p. 33, 1921 ; also Amer. Mus. Novit, no. 155, 1924, — Piveteau, J., Tomis^ 
toma rmicrorhynclm Blv. sp. Ann. Pal<!!ont., vol. xvi., p. 85, 1927. — Sellards, E. //., New Gavial 
from late Tertiary of Florida. Amer. Joum. Sci. [4], vol. xl., p. 185, 1915 ; also toe. cit,, vol. 
xlii., p. 237, 1916. — Toula, F., and Kail, J. A., KrokotUl-Schadel aus den Tertiarablageruiigen 
von %genburg. Denkschr. k. Akad. Wiss. Wien, vol. 1., p. 299, 1885. — Troedsson, O. T.y Croco- 
dilian l^mains from the Banian of Sweden. Lunds Uiiiv. Arsskrift, ii.f., vol. xx., avd. 2, 1924 ; 
also Geol. Fdren. Stockholm Forh., vol. xlv., p. 546, 1924. 
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Holops Cope. Like the preceding, but without antorbital vacuity, and orbits 
equal in size with superior temporal vacuities. Upper Cretaceous ; New Jersey. 

Eosuchus Dollo. Lower Eocene ; Erquelinnes, Belgium. Perhaps also 
fragments in Middle Eocene of Bracklesham, Sussex (Gavialis dixoni Owen). 

'Tomidoma Miiller (lih/fnckosuchus Huxley). 

Orbits almost twice the size of superior temporal 
vacuities. Parietals small, lachrymals moderately 
developed. Internal narial opening rounded. 

About twenty teeth on either side in each jaw. 

Eocene ; Egypt. Miocene ; Hungary, Malta, Sar- 
dinia, and Moghara, Egypt. Pliocene ; Omo, 

Ethiopia. Jtecentin Borneo, Sumatra, and Malay 
Peninsula. 

Gavialosuchas Toula and Kail (Fig. 470). As 
Tornidoma^ but anterior edge of internal narial 
opening angulated. Miocene; Austria, and Florida, 

U.S.A. 

Grjijtosuchus Giirich. Pleistocene ; N. Brazil. 

Lepforhamphusj Ox//odo)ifosaurus Ambrosetti . 

Tertiary ; Parana, Argentina. 

Family 4. Alligatoridae.^ 

Snout broad and diort ; nasals usualhf reaching 
external nostriL Orl/iis larger than superior temporal 
meuities. Mandibular sgmphf/sis short. Teeth irregular; 
the anterior tooth of lower jaw always, and as a rule 
also the fourth tooth, fitting into pits of the upper jaw. 

Suture between maxillae and premaxillae on the palate 
either transverse or convex toward the front. Dorsal ^ ^ 

armour consisting of more than two rows of scutes, Garialosuehm me^nmrgerusis Toula 
either articulated or luinq free in the intequment ; and Kail. Miocene; Esgen burg, near 

. , , / 1 r .1 7 1 TT 1 1 Horn, Austria. Dorsal aspect of skull, 

cervical scutes separated from the dorsal. Ventral i/jq uat. size. Lettering us m Fig. 46 a. 
armour, when present, comprising numerous series 

of articulated scutes, each of which consids of two pieces united by suture. Upper 
Cretaceous to Recent. 

In alligators the lower teeth bite entirely within the upper, and the first 
and fourth lower teeth are received into pits of the upper jaw ; but in 
crocodiles the upper and lower teeth mutually interlock, w^hile the first lower 
tooth bites into a })erforation or pit in the cranium, and the fourth into a 
lateral notch. Modern alligators inhabit the warmer regions of North and 
South America and China, and fossil remains occur in the freshwater 
Cretaceous and Tertiary of both Europe and America. 

^ Abei^ 0., AUoffTiatkosuchuSy ein an die chelouipliage Nahruiigsvveise angepasster Krokodil- 
typiis des ndrdarnerikanischeii Eoziins. Palaeout. Zeitschr., vol. ix., p. 3(57, 1928. — Gilmore, 
O. W., New Foasil Alligator from the Hell Creek Beds of Moiitam. Proc. U.S. Nat. Mns., vol. 
xli., p. 297, 1911, — Loomis, F. B., New Kiver Reptile from the Titanotliere Beds. Ainer. Journ. 
Sci. [4], vol. xxxvii., p. 429, 1914. — Lud'wig, R., Fossile Krokodilien ans der Tertiarformation des 
Mainzer Beckens. Palaeontographica, snppl. vol. iii., pts. 4, 6, 1877. — Mehl, M. G., Cktimanoidea 
viskeri. Journ. Geol., vol. xxiv., p, 47, 1916. — Mook, C. C., AllognoUhosuchiis, Bull. Anier. 
Mus. Nat. Hist., vol. xliv., p. 105, 1921. — Patterson, B., Alligatoroid Genus AUognnthmnehus in 
the Lower Oligoceue. Field Mus. Nat. Hist. Chicago, publ. 297, Geol. Ser., vol. iv., no. 6, 1931. 
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Diploci/nodon Pomel (Figs. 456, 471). Third and fourth teeth of lower 
jaw equally enlarged, and either both received into pits of the upper jaw, or 
the fourth passing into a marginal notch between the maxillae and premaxillae. 
Dermal armour strongly developed. Abundant in Upper Eocene, Oligocone, 
and Miocene of England, France, and Germany. Eocene; New Mexico. 

Bottosaurus Agassiz. Imperfectly known, but with alligatordike dentition. 
Upper Cretaceous ; New Jersey, Colorado, and Montana. 

Brachf/champsa Gilmore. Skull from Upper Cretaceous (Hell Creek Beds) 
of Montana. 

AllognathomcJm'i Mook. With blunt teeth adapted for feeding on 
Chelonians. Splenial entering * mandibular symphysis. J . poh/odon Co\)e 



Fui. 471. 

Diplocynoilon gervaisi Ayinanl. Superior ainl palatal aspectn of sknll, Va size. Oligocene ; Ron/on, 
wear Le Puy, France. Lettering a« in Fig. 4<i3. 

and other species. Eocene and Paleocene ; N. America. A, riggsi Patterson, 
from the Lower Oligocene of South Dakota, approaches Alligator. 

Proalligator Ambrosetti. Tertiary ; Parang Argentina. 

Gaimanoidea Mehl. Premaxillary border in front of narial opening very 
low, so that the nares must have been directed slightly forward. Oligocene ; 
South Dakota. 

Alligator Cuvier. Recent; North America and China. Also Lower 
Pliocene ; Nebraska. Caiman Spix (Fig. 458) ; Jacare Gray. Recent ; Central 
and South America. 

Family 5. Orocodilidae.^ 

Snout broad. Orbits larger than superior temporal vacuities. Mandibular 
symphysis short. Teeth irregular^ about nineteen in the uppei\ and fifteen in the 

1 OUinore, 0. ir., Leidyosuchus sUrnhergii. Proc. U.S. Nat. Mus., vol. xxxviii., p. 485, 1910. 
— Holland^ W. Deinosuchus hatcheri. Aim. Carnegie Mus., vol. vi., p. 281, 1909. — Cambe, 
L. M.y New Crocodilian Genua and Species [Leidgosuchns canadev$u] from the Judith River 
Formation of Alberta. Trans. Roy. Soc. Canada [3], vol. i., sect, iv,, p. 219, 1908. — Longvtany 
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lower jaw on each ddCy the two .^erien interlocking. Anterior tooth m lower jaw 
received into a pit, and fourth tooth fitting into a marginal notch of the upper jaw. 
Suture between maxillae ai\d premaxillae on the palate transverse or concave in front. 
Dorsal armour comprising m.(rre than two rows of scutes lying free in the integument ; 
ventral armour wanting. Upper Cretaceous to Recent. . 

Crocodilian remains occur abundantly in the freshwater Upper Cretaceous 
and Tertiaries of Europe and North America, and in the Pliocene of India. 
Recent species are distributed in tropical Africa, East Indies, New Guinea, 
Australia, South America, and Cuba. 

Ijeidyosuchus Laml)e. Splenial entering the mandibular symphysis. Upper 
Cretaceous ; Alberta, Canada, also Wyoming and South Dakota. 

Phobosuchus Nopcsa (DeinosucJms UoUund nec Gervais). Scutes very thick and 
elevated. P, hatcheri Holland, with span of transverse processes of seventh dorsal 
vertebra measuring 68 cm. Upj)er Cretaceous (Judith River Beds) ; Montana. 

Allodaposuchus Nopcsa. Danian ; Transylvania and S. France. 

Crocodilus Laurenti The.cachampsa Cope) (Figs. 457, 461, 462). Splenial 
not entering mandibular symphysis. Sixteen to nineteen upper and fourteen 
to fifteen lower teeth on each side ; fifth tooth of maxilla eidarged. Many 
species in the Tertiary of Europe, North Africa, India, and North America. 
Pleistocene of Madagascar, Africa, Cuba, Australia, and North America. 

Osteoblepharon Schmidt. Frontal just entering margin of superior temporal 
vacuities. Living in Central Africa. 

Dinosuch'us Gervais (Purrusaurus Barbosa Rodrigues ; Brachygnathosuchus 
Mook) ; Emysuchus Nopcsa. Pleistocene ; Rio Purus, N. Brazil. 

Pallimmrchus De Vis. Pleistocene ; Queensland, Australia. 

Family 6. Qavialidae. 

Snout produced into a long, narrow rostrum, arul passing abruptly into the facial 
region. Nasals separated from jn'emaxillae by a wide interval. Splenials entering 
the much elongated inandibular symphysis. Teeth hventyfire to thirty on each side of 
each jaw, approximately uniform, slightly curved and pointed. Tertiary and Recent. 

Gavialis Oppel (Leptorhynchus Clift; Bhamphostorna Wagler) (Fig. 460), 
Recent in India and Burma. Fossil in Pliocene of Siwalik Hills, India, where 
it accompanies the gigantic and closely allied Phamphosuchus crassidens Falconer 
and Cautley (total length 15 m.). 

Range and Distribution of the Crocodilia, 

Some of the Triassic Pseudosuchia closely approach the Crocodilia, and one 
genus {Sphenosuchws Haughton) from the Stormberg Beds of South Africa 

//. A., A Crocodilian Fossil {^PcUlimnarchus poUens^ from Lansdowne Station. Menu Queensland 
Mus., vol. viii., p. 103, 1925 ; also loc. cit., vol. ix., p. 158, 1928. — Lydehkfr, R., Siwalik Crocodilia. 
Palaeont. Indica, ser. 10, vol. iii., p. 209, 1886.— i/ooA, V. C., Skull of the Extinct Madagascar 
Crocodile, C, robustus Vaill. and Grandid. Bull. Amer. Mus. Nat. Hist., vol. xliv., p. 26, 1921, — 
Brackygnailiosuchuft brazUiemis. Tom. cit., p. 43, 1921. — Skull of a Bridger Crocodilian. Tom. 
dt., p. ill, 1921.— Skull of Orocodilus acer Cope. Tom. cit., p. 117, 1921.— Skull Characters of 
Orocodilm megarhinus Andrews. Amer. Mus. Novit., no. 289, 1927. — MiiUer, L Krokodilier 
des iEgyptischen Tertiars. Abh. Bay. Akad. Wiss., math.-natnrw. Abt., vol. xxxi., no. 2, 1927.— 
Nopcm, F., tlber die Namen einiger bra.siliauischer foasiler Krokodile. Centralbl, f. Min., etc,, 
1924, p, 378, — VaiUant, L,, Ciocodiliens fossiies tertiaires de St G^rand4e-Puy. Ann. Sci. G«5ol., 
vol. iil., p. 1, 1872. 
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(probably Rhaetic) seems to have the characteristic Crocodilian pectoral 
arch. A characteristic Crocodilian pelvic arch {Erythrochamp.sa Haughton) is 
also known from the Stormberg Beds. The earliest typical crocodiles, 
however, the Alesosuchia, appear in the Upper Lias of England, France, and 
Germany, and persist essentially unchanged throughout the Jurassic period. 
In none of them is the secondary palate developed behind the posterior 
margin of the palatines, there being no outgrowths from the pteiygoids ; and 
the vertebrae are aniphicoelous, or at most amphi[)latyan. Their universal 
occurrence in marine deposits, the nature of their fossilised stomach-contents 
and coprolites, and their general organisation, prove them to have been 
adapted for an exclusively a(juatic life. The earliest forms are all longirostral, 
and it is not until the Upj)er Jurassic that short- and broad-headed genera 
with small superior temporal vacuities appear. Owen suggested that the 
appearance of the latter is correlated with the incoming of warm-blooded 
prey, and pointed to the association of dwarf crocodiles with small mammals 
in the Purbeck formation. 

Towards the close of the Jurassic changes in external conditions seem to 
have occurred, for in the Purbeckian and Wealden de])Osits crocodiles are 
accompanied for the first time by fresh-water and terrestrial animals 
suggesting a fluviatile habitat. In the Wealden a few detached crocodilian 
vertebrae of the procoelous type are found, but it is not luitil the Upper 
Cretaceous that tyjiical Eimtchia with extended secondary palate and closed 
eustachian passages become dominant. The EiLsuchia^ like their Upj)er Jurassic 
forerunners, com{)rise both long-snouted and broad -snouted genera, but whether 
the gavials were derived indejtendently from the modern crocodiles and 
alligators, or all are traceable to a common Mesosuchian ancestor, is still 
uncertain. During the Tertiary, alligators and crocodiles lived both in 
Europe and North America, only becoming extinct in Europe during the 
Pliocene. The alligators, which appear to have surpassed crocodiles in the 
Old World, and to have been inferior to them in number in the New, are now 
restricted to the warmer regions of North and South America and China. 
Remains of both gavials and crocodiles occur in the Tertiary of India, among 
which are the most gigantic members of the Order {Rhamphomchut), 

Order 13. DINOSAURIA.^ {Rachypodes II. von Meyer ; 

Ornithoxcelida Huxley.) 

Long-tailed and often long-necked reptiles, frequently of considerable and sometimes 
of gigantic size, with limbs adapted for habitual support of the body. Roofing bones 

1 Baur, 6r,, Ber Tarsus «ler Vo^jel imd Dinosaurier. Morph. Jahrb., vol. viii., p. 417, 1883. — 
Bemerkungen iiber das Becken der Vogel und Dinosaurier. Loc. city vol. x., p. 61 3, 1 885. — Branca, W., 
Die Riesengrdsse sauropoder Dinosaurier vom Tendaguru, ihr Aussterben uud die Bedingungen ihrer 
Entstehung. Archiv f. Biontologi*', vol. iii., p. 73, 1914. — Cope, E, D., Palaeontological Bulletins, 
nos. 22-28, in Proc. Anier. Phil. Soc., 1876-77. — Uollo, L., Les Dinosauriens adapt^s k la vie 
quadruple secondaire. Bull. Soc. Beige G^ol., vol. xix., Mem., p. 441, 1906.— i/ay, 0. P., On 
the Manner of Locomotion of the Dinosaurs, especially Uiplodocm, with Remarks on the Origin of 
the Birds. Proc. Washington Acad. Sci., vol. xii., p. 1, 1910 . — Uueney F. t7ber die 

Zweistammigkeit der Dinosaurier, etc. Neues Jahrb. f. Min., etc., Beil.-Bd., xxxvii.. p. 577, 1914. — 
Beitr&ge zur Geschichte der Archosaurier. Geol. u. Palaeont. Abhandl., n.R., vol. xiii., p. 1, 1914. — 
Los Saurisquios y Ornitisquios del Cretdeeo Argentine. Anales Mus. T^a Plata, Seccidn Paleon- 
tologla, sor. 2, vol. iii., p. 1, 1929. — iiax/ey, T, if., On the Animals which are most neatly inter- 
mediate between Birds and Reptiles. Proc. Roy. Soc., p. 278, 1868. Also Ann. Mag. Nat. Hist. 
[4], vol. i., p. 220, 1868,— Further evidence on the affinity between the Dinosaurian Reptiles and 
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of the temporal region of the .skull contracting into an upper and a lower arch, and 
the large quadrate fixed or only slightly movable. No pineal foramen. Teeth in sockets 
or in a groove on the margin of the jaws ; m palatal teeth. Vertebras oqiuthocoelous 
or amphiplatyan, rarely amphicoelous ; centrum sometimes hollow or with deeq) 
lateral cavities ; sacrum comprising from three to ten anchylosed vertebrae. Bibs 
double-headed. Sternum incompletely ossified ; clavicular arch and precoracoid ahsent. 
Scjipula very large, .sometimes coossified with the perforate and anteriorly rounded 
coracoid. All three pelvic elements entering the acetabulum, which is perforate. 
Ilium large, antero-posteriorly extended. Ischia usually .slender and elongated, 
frequently united in a median symphy.sis. Pulds directed downwards and forwards, 
sometimes developing a postpubic process extending backwards parallel with the ischium. 
Fore limbs nearly always shorter than the hinder pair ; progression very commonly 
biqyedal. 

The Order iJino.wiria comprises Mesozoic reptiles which are extremely 
varied in organisation, and exhibit several Rhynchocephalian, Crocodilian, and 
even Avian characters, the latter due chiefly to homoplastic or parallel 
development. Among the latter, as first noticed by Gegenbaur, the close 
junction of the astragalus with the tibia, or tendency to form a tibio-tarsus, is 
an Avian resemblance common to the majority of Dinosaurs. 

The earliest known Dinosaurs (Theropoda) of Triassic age are shown by 
their limb structure and footprints to have been mainly bipedal in gait, and 
by their dentition to have been carnivorous ; of the herbivorous Dinosaurs 
(Sauropoda and Orthopoda) which range throughout the Jurassic and Cretaceous, 
some must have been bipedal and others (juadrupedal. Accoiding to Dollo, 
the quadrupedal forms have clearly descended from bipedal ancestors. The 
culmination of the Order occurred during the Upper Jurassic and Cretaceous, 
in the interval between the decline of Theromorph reptiles and the dominance 
of the Mammalia. During their period of ascendancy many attained propor- 
tions far exceeding those of all other known land animals. They had an 
almost world-wide distribution, and great deposits of their remains occur in 
Brazil, S.E. Africa, Madagascar, China, and India, as well as in North America^ 
and Europe. Though ranging from the Triassic to the Cretaceous in Australia, 
they appear to be comparatively rare in that region. 

Birds. Quart. Journ. Geol. Soc., vol. xxvii., p. 12, 1870. — On the classification of the Diiiosauria. 
Loc. cU„ p. 32. — Lull, R. S., Dinosaurian Distiihution. Amer. Journ. Sci. [4 j, vol. xxix., p, 1, 1910. — 
Sauropoda and Stegosauria of the Morrison of North America compared with those of Europe and 
Eastern Africa. Bull. Geol. Soc. America, vol. xxvi., p. 3*23, 191,5. — Morsh, O. O., Numerous 
contributions in Amer. Journ. Hci, [3], vols. xvi. -1., 1878-96, reprinted in the Dinosaurs of 
North America. 16th Ann. Rep. U.S. Geol. Surv., 1896. — Matthvw, H". 1)., Dinosaurs. Amer. 
Mus. Nat. Hist. Handbook, 1915. — Nopc.sa, F., Notizeu iiher Dinosaurier : Beitrage zu ihrer 
Evolution, Centralhl. f. Min., etc., 1918, p. 236. — Primitive Reptilian Fauna in the Uppermost 
Cretaceous of Hungary. Quart. Jouru. Geol. Soc., vol. Ixxix., p. 100, 1923. — Osborn, JI. F., 
Reconsideration of the evidence for a common Dinosanr-avian stern in the Permian. Amer. Nat., 
vol. xxxiv., p. 777, 1900. — (hven, R., A History of British Fossil Reptiles [Rt*i)rint from the publi- 
cations of the Pal aeon tographical and other Societies], Loudon, 1849-84. — Romer, A. S., The Ilium 
in Dinosaurs and Birds. Bull. Amer, Mus. Nat. Hist., vol. xlviii., p. 141, 1923. — Russell, L. S., 
Upper Cretaceous Dinosaur Fauuas of North America. Proc. Amer. Phil. Soc., vol, Ixix., p. 133, 
1930, — Seeley, H. O., Dinosauria of the Cambridge Greensand. Quart. Journ. Geol, Soc., vol. 
XXXV., p. 591, 1879. — Reptile Fauna of the Gosau Formation. Loc. cit., vol. xxxvii., p. 620, 1881. 
— On the classification of the Dinosauria. IVoc. Roy. Soc., vol. xliii., p. 165, 1887. — Versluys, J., 
Streptostylie bei Dinosanriern, nebst Bemerkungen fiber die Verwandtschaft der Vogel und Dino- 
saurier. Zool. Jahrb., Abt. Anat., vol, xxx., p. 175, 1910. 

^ One of the largest North American deposits is that in the Morrison Formation, which is vari- 
ously regarded as Upper Jurassic or Lower Cretaceous. It is here referred to the Upper Jurassic 
(see Sipipson, G. O., Age of the Morrison Formation. Amer. Journ. Sci. [6], vol. xii., p. 198, 1926). 
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A bony exonkeleton is developed to a varying extent among cisrtain of the 
Theropoda and Orlhopoda, but in the majority of Dinosaurs the skin was either 
naked or protected by polygonal and rounded horny scales, not overlapping. 
The dermal armour, when present, consists either of isolated bony plates or 
spines, or of interlocking scutes which form a continuous shield encasing 
portions of the trunk and tail. There are often abdominal ribs in the 
Tfieropoda, 

The vertebrae are usually either amphiplatyan or opfethocoelous, more rarely 
amphicoelous. There are six to seventeen cervicals, ten to eighteen dorsals, 
usually from three to six, but sometimes as many as ten, fused sacrals, and 
thirty to seventy caudal vertebrae. The union between the centra and their 
neural arches is commonly by suture. In the anterior cervicals the neural 
spines are generally short or rudimentary, and gradually increase in size 
towards the thoracic region. The atlas and axis, so far as known, much resemble 
those in crocodiles. All the succeeding cervicals bear double-headed ribs, of 
which the capitulum is attached to the parapophysis of the centrum, and the 
tuberculum to the transverse process of the neural arch. In the dorsal region 
the parapophyses rise from the centra to the sides of the neural arches. 

Among the Theropoda and Sauropoda the }) 08 terior dorsal vertebrae articu- 
late with one another not only by zygapophyses, but by a hyposphene- 
hypantrum arrangement. The hpposphem facet is a vertical or wedge-shaped 
projection occurring on the posterior end of the neural arch below and 
continuous with the post-zygapophyses. It is received into a corresponding 
groove, or hi/pantrum, on the anterior face of the next vertebra behind. This 
arrangement is similar in function to the zygosphene-zygantrum articulation 
among Ophidians, except that the relative positions of pegs and sockets are 
interchanged. The primitive number of the sacral vertebrae seems to have 
been three, and additions to this number are generally made from the lumbar, 
sometimes from the anterior caudal series. The chevron bones of the caudal s 
are articulated intervertebrally. 

The skull (Fig. 472) of most Dinosaurs is small in proportion to the rest of 
the body, more so in Brontosaurus^ in fact, than in any other reptile, and the 
brain cavity is diminutive. The latter, in proportion to the size of the head, 
is smaller in Triceratops than in any other known land vertebrate. Among the 
Jurassic and Cretaceous Theropoda and bipedal Orthopoda the long axis of the 
skull is approximately at right angles to the neck, but in the Triassic Theropoda 
and the quadrupedal Sauropoda and quadrupedal Orthopoda it more nearly con- 
tinues the line of the vertebral column. The large orbits are laterally directed, 
and between them and the paired narial openings is frequently an antorbital 
vacuity, as in crocodiles, pterosaurs, and birds. The narial cavity is described 
by Lambe as extended into the inflated crest of the skull in the aquatic crested 
Traehodontidae (p. 398). A similar aiTangement occurs in some of the existing 
Lamellirostrine birds.^ There is no pineal foramen, but according to F. von 
Huene a rudiment of it occurs in the Triassic Flateosaurus. There is sometimes 
a little median vacuity between the parietals and supraoccipital.^ The tem- 
poral vacuities vary considerably in form and size. The large quadrate is 
prominently exposed, and suturally united with the squamosal and quadrates 

* NopesUj Palaeobiologica, vol. ii., p. 194, 1929, 

^ PounpecH^^ J, F., Das angebliche Vorkommen usd Wandem dea Parietalforamens bei Dino- 
saariern. Sitzb. Ges. naturf.*Freande, Berlin, 1920, p. 109. See also loc» 1921, p. 1. 
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jugal. According to Marsh, Nopcsa, and Versluys, it seems to have been 
often slightly movable, as in birds. The paired premaxilhie are rather 


A 



Fio. 472. 


Ttfrannmaurus r«w Osl>orn. Skull and mandible In left lateral (.I), upper (B), and imlatal (C) aspects. Upp<T 
Cretaceoim; Montana, U.H.A. Ag^ iiuKular ; Art, articiilur; Ji<>, IxisifK^cipital ; Jts, UiHi.sphenoid ; occipiUil 
condyle ; JJ, dentary ; F, frontal ; FlU, three antorbital vaciiitieH ; jF, jujpil foramen ; Ju, jugal ; L, lachry- 
mal ; Mx, maxilla ; N, exl^rnal nariul oi>ening ; Nii, nasal ; 0, orbit ; 0p,o, opisthotic ; /', ixirietal ; PN, internal 
narial oixming; Pa.sp, position of remnant of lairasphenoid ; PI, iMilatine ; J‘o, postorbitfil with a prominence 
(PoJt); Prf, profrontjil; Pr.mx, premaxilla; Pt, pi/orygoid ; quadrate ; ^u.j, quadmto-jugal ; upper 

and lateral temporal vacuities ; Sag, suran^dar with vacuity {Sag. F) ; Sq, squamosal ; Tr, transverse (ecto- 
pterygoid), dispiaut)d or incomplete ; V, vomer. Much reduced (after Osborn). 

extensively developed, and either provided with teeth, or toothless and beak- 
like. 

The inferior aspect of the skull is similar in a general way to that of 
Rhynchocephalians, except that there are no teeth on the palate. The 
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mandibular rami are united in a cartilaginous symphysis, ai]d in the Orthopoda 
a toothless predentary bone is developed in front of the mandible, the sharp 
margin of which appears to have been sheathed in a horny beak. Teeth are 
confined to the margin of the jaws, and are either in deep sockets or implanted 
in an alveolar groove open on the inner side of the jaw. 

In the pectoral arch clavicles and interclavicle appear to be wanting, though 
rudiments of these bones have been observed in some of the primitive Triassic 
genera.^ The supposed occurrence of clavicles in Psittacosaurus lacks con- 
firmation. The sternum is imperfectly ossified. The scapula is very strongly 
developed, and usually much elongated. The coracoid is flattened, with more 
or less rounded anterior margin, and pierced by a foramen near its articular 
border. Sometimes the scapula and coracoid are fused at their proximal ends, 
as in birds. 

The bones of the appendicular skeleton are sometimes very massive, in 
other cases delicate and hollow ; and the dispaiity between fore and hind 
quarters is often very considerable, indicating that the presacral region was 
ordinarily lifted from the ground. The humerus in most cases is shorter than 
the scapula \ the radius and ulna are strongly developed, and always separate. 
The carpus is often incompletely ossified, and the number of metacarpals is 
sometimes reduced to three. The ungual phalanges are either hoofed or 
claw-shaped. 

Many remarkably Avian characters are to be observed in the pelvic arch 
and bones of the hind limb, especially <among the Orthopoda. The ilium is 
depressed and more or less extended antero-posteriorly ; moderately so in 
the ti'iradiate type of pelvis {Theropoda)^ very much so in the quadriradiate 
type {Orthopoda). The long ischia extend backward and downward, and 
usually join in a median ventral symphysis. The preacetabular process of 
the ilium (spina iliaca) which serves for the attachment of the pubis, usually 
extends further downward than the postacetabular or ischial process, as in 
birds. The acetabulum itself is open, and the sacrum is partly Avian, partly 
Reptilian. 

In the Theropoda the i)ubes are long and slender, and fused in a ventral 
symphysis, which is often extended horizontally. Among the Sauropoda they 
are shorter, stouter, and broader than the ischia, directed simply downward 
and forward, and united distally in a median bony or cartilaginous symphysis. In 
the Orthopoda (Fig. 473) the pubis is long and broad, but does not join its fellow 
in the median line in front. At its base, underneath the acetabulum, it gives 
off a long and slender process, the postpubi% which is directed downward 
and backward parallel with the almost equally slender but somewhat longer 
ischium. Although this postpubic process is suggestive at first sight of the 
pubis of birds, it has been demonstrated by the embryological researches of 
Bunge ^ and Mehnert ^ that no homology between these structures exists. The 
Avian pelvis is in its earliest stages of development triradiate, like that of the 
primitive Theropodous Dinosaurs, and the pubis is directed forward as in 
reptiles. Later the pubis becomes secondarily shifted backwards, parallel with 
the ischium, and the processus iliopecHneus must be regarded as a secondary 

^ Hnenet F. von^ Geol. u. Palaeont. Abhandl., n.f., vol. xv., p. 177, 1926. 

* Bunge^ Zur Entwicklung^igeschichte des Beckeiigurtels der Atnphibien, HeptUieB und 
Vdgsl. Dorpat, 1880, 

’ Mehmrtf 'C^ber die Entwioklung des os pelvis der Vogel. Morpbol. Jahrb., vol. xiii., 
p. 259, 1888. 
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structure peculiar to birds, with which the pubis of Dinosaurs has, of course, 
no homology. The postpubis of tlie Orthopoda is accordingly to be interpreted 
as a special or adaptive modification, probably correlated with the function of 
the tail in balancing the body in locomotion, or while resting on its hind 
quarters.^ 

The femur usually exceeds the humerus in length, and is placed vertical to 
the body, with its head extending inward into the acetabulum, as in birds. 
Dollo has shown that the femur 
of IguanodoUy with its large fourth 
trochanter (a process which is 
distinct from the “ third tro- 
chanter” of mammals), is con- 
structed more on the Avian than 
Reptilian type, and indicates a 
powerful caudo-femoral muscula- 
ture. Still other Avian characters 
are exhibited by the tibia, which 
possesses a large cnemial crest, 
and is often completely embraced 
by the astragalus at its distal 
end. In the Stegosaurs these 
elements are fused, l)ut in most 
of the carnivorous Theropoda the 
astragalus bears an ascending iscluuin ; o, obturator process ; P, pubis ; p', postpubie 
process, which is apjiosed to the 
anterior face of the lower end 

of the tibia, exactly as in Pterosaurs and young Katite birds. The fibula is 
complete but often attenuated distally ; the proximal tarsals are number 

(astragalus and calcaneum) ; and the distal two or three, tarsalia l-lli, are 
usually fused into a single piece. The hind foot is tridactyl to pentadactyl, 
but all five metatiirsals are commonly represented even w^hen the number of 
functional digits is reduced. 

Pebbles evidently from the stomach (gfistroliths) have been found with 
skeletons of Sauropodaf^ and eggs have been found with skeletons of both 
Sauropoda and OrtJwpoda, In structure, the egg-shell differs from that of all 
living reptiles, and in the thickness of the prismatic layer agrees with that of 
the most modern birds.® 

Dinosaur renuiins were first discovered in the English Jurassic and Wealden 
during the early decades of the last century, and were described by Bucklaiid 

^ In the above interpretation Zittel followed Marsh. More recently A. S. Romer has studied 
the probable arrangement of the muscles, and he concludes that the postpubis is the true 
pubis, “the rotation being made in relation to a change of position of the obturator muscle.” He 
considers that “the anterior process has developed for abdominal support in the absence of an 
anteriorly projecting pubic ramus or a large avian sternum” (Acta Zoologica, vol. viii., p. 273, 
1927). This process is named psmdopedineal by Nopesa (Centralbl. f. Min., etc., 1918, 
p. 236). 

® Janunsch, IT., Ueber Mageusteine bei Dinosauriern aus Deutsch-Ostafrika. Sitzb. Ges, 
naturf. Freunde, Berlin, 1926, p. 34. — WieJamd^ O, ii., Dinosaurian Gastroliths. Science, n.s,, 
vol. xxiii., p, 819, 1906, and vol. xxv., p. 66, 1907. 

® Van Slradetiy K., Siir les oeufs fossiles du Cr^tacc superieiir de Rognac en Provence, Bull, 
Acad. Hoy. Belg., Classe Soi., 1923, p. 14. — Microstructure of the Dinosaurian Egg-shells from the 
Cretaceous beds of Mongolia. Amer. Mas. Novit, no. 173, 1925. — Les (Eufs de reptiles fossiles, 
Palaeobiologica, vol. i., p. 296, 1928. 
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in 1824 and Mantell in 1825. Owen, in 1841, established for them the 
order Dinosauriay^ and much additional light was shed on their structure and 
relations by Huxley, Phillips, Marsh, and Cope prior to 1875. During subse- 
quent years the discoveries of complete skeletons of Igvanodon in the \A'ealden 
of Belgium, many skeletons of primitive genera in the Tiiassic of Germany, 
and skeletons of all Mesozoic periods in North America, have provided a 
general knowledge of the Order. It was eventually subdivided into the three 
Sub-Orders of Theropoda^ Sauropoda, and Pmhniata by O. C. Marsh, and also 
into t^vo groujis — )>erhaps separate Orders — Sauriachia and Ornitlmcliia^ by H. G. 
Seeley. The Sauri^chia include the I'heropoda and Sanropoda, while the Ornith- 
vichia correspond with the Orthojtoda of Cope, the Predenfata of Marsh. 

A. SAUitISCHIA.2 

Eediicfion of dentition, when occurring, beginning at hinder end of jaws. Pubis 
directed forwards and downwards to meet its fellow in the. middle lirw, without post- 
pabic process. 

Sub-Order 1. THEROPODA.^ 

Carnivorous Dinosaurs^ usually bipedal, with cutting teeth, when pre.^eid, nnyre 
or less laterally compressed. Brain-case incompletely os.sified ; antorbital vacuities 
large. Sclerotic plates. Mandibular ramus without cm'onoid jmces.'i, and usually 
})ierc.ed by a lateral foramen in its hinder half ; no jmedentary bone. Vertebrae and 
limb hones hollow, often very light, considing of dense bone with well formed 
articulations. Sternum rarely ossified. Pubes slender, with sym/diysis often much 
exteiuled. Fore limbs shorter than the hinder pair ; digits two io jive in number, 
provided with prehensile claws ; hind feet digitigrade. Abdominal rib.^ often present. 

The Theropoda are carnivorous land Dinosaurs with clawed digits, and 
vary in size from about 25 cm. to 10 m. in length. Most of them must have 
walked only on their hind limbs, or possibly even leaped in kangaroo-fashion 
(Hallopus), with the forward part of the body lifted from the ground and 
balanced by the powerfully developed tail. The tail may have served in 
some cases also for swimming, as well as for a support for the animal when 
resting on its hind quarters and pelvic symphyses. The skeleton of many 
Theropoda is of very delicate construction. 

The skull is known in few genera, and the sutures between its bones are 
often indistinct. All the vertebrae of the neck, except the atlas, are concave 
behind, but usually flattened on the anterior face of the centra ; they are 
often longer than the dorsals, and their neural spines are only moderately 
developed, indicating a less powerful musculature than among the Sauropoda. 
Each sacral rib is attached to two vertebrae ; the caudals bear chevron bones. 
Abdominal ribs have been observed in several genera. 

In the pectoral arch the scapula is usually longer and stouter than the 

1 Q., Remarks on the Reptiles generally called Dinosauria. Amer. Naturalist, 1891, 
p. 434. 

2 Huene, F. von., Kurze Ubersicht iiber die Saiirischia inid ihre natiirliclien Zusamraenhange. 
Palaeont. Zeitschr., vol. xi., p. 269, 1929. — Rmner, A. S., Pelvic Musculature of Saurischian 
Dinosaurs. Bull. Amer. Mus. Nat. Hist., vol. xlviii, p. 605, 1923. 

* Bmns, F. von, Tlie Carnivorous Sauriscliia in the Jura and Cretaceous Formations princi* 
pally in Burope. Re vista Mus. I^a Plata, vol. xxix., p. 35, 1926. — t)ber die Dinoaaiirier der 
Attssetaaropiiisclien Trias. Geol. u. Palaeont. Abhaiidl., ii.f., vol. viii., p. 99, 1906. — Die Dino* 
der Buropiiischen Triasformation. Loc, cit., suppl. vol. i., 1907-8. 
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humerus, the coracoid is more or less crescentic or semicircular, and there is 
not always an ossified sternum. The fore limbs are smaller than the hind 
limbs ; the carpus is, as a rule, incompletely ossified, and the clawed digits are 
of only moderate size. In the pelvic arch the postace tabular portion of the 
ilium is more elongated than the preacetabular. Both the pubic and ischial 
ventral symphyses are often much extended, and apparently served as a 
support for the body when in a crouching or sitting position. The proximal 
tarsals tend to form a tibio-tarsus, and in the Jurassic and Cretaceous genera 
the astragalus bears an ascending process, which is immovably applied against 
the anterior face of the tibia, as in young ostriches. 

Theropoda first appear in the Trias, and become extinct in the Cretaceous ; 
and they had an almost world-wide distribution. The Triassic forms with 
short, sometimes spatulate, teeth have been grouped by von Huene and 
Nopesa as rachfpodomuria ; some of the smaller and lighter forms, as 
Coeluromuria ; and the more powerful and larger flesh-eaters with laterally- 
compressed, sabre-shaped teeth, as Tlieropoda-^YOi)&£ or Megalomuria. 

Family 1. Plateosauridae.^ 

Large and heavy Theropoda, Teeth spatulate, constricted at base of crown. 
Vertebrae amphicoelous ; about ten cervical vertebrae and three sacrals. Fore limb 



Restoration of skeleton of Plateosauru^ by O. .Tat*kel. jnmtly reduced. Upper Triassic ; Uab 
beratadt, North Germany. The small outer toe of the hina foot is rf»t shown. Compare with another 
restoration by F, von Hueno, Geol. u. Palaeont. Abhandl., n.f., vol. xv., pi. vii. (xiii.), 1926, in which 
the hind foot is reprasented os digitigrade. 

* Brootn, li.y Oryponyx. Ann. S. African Mus., vol. vii., p. 294, 1911. — Gaudry, A., 
Dim/odosaurus, in Euchainements dii monde animal, Foss. Second., p. 214, 1890. — JIuene, F. vow, 
Vollstandige Osteologie eines Plateoaaurideii aus dem schwabiseben Ken|)er. Geol. n. Palaeont. 
Abhandl., n.f., vol. xv., p. 189, 1926. — Lebensbild des Sanriscbicr-Vorkoinmens im obersten 
Keuper von Trossingen. Palaeobiologica, vol. L, p. 103, 1928. — Jaekdt 0., Plateosaurua. Palaeont, 
Zeitsebr,, voL i., p. 170, 1913. 
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relatively large; manus with five digits^ the two outer shortened. Ilium short and 
deep^ with long pedicle for pubis ; pubis ami ischium each a long narrow laminar 
bone, meeting its fellow along the edge in a long vertical symphysis. Femur much 
curved, longer than tibia; astragalus without ascending process. Hind foot with 
five digits, the first and fifth shortened. IFell-developed abdominal ribs. Upper 
Triassic and Khaetic. 

Flateosaurus H. von Meyer (Dimodo.^aimis Pidancet and Chopart ; Sellosaurus 
F. von Huene) (Fig. 474). One antorbital vacuity. Cervical ribs very 
slender. Fifteen dorsal vertebrae, only slightly ainphicoelous, J\ engelhardti 
H. von Meyer, about 6 m. in length. Keuper; Germany. Other species in 
the Keuper and Rhaetic of Germany and France, and in the Stormberg Beds 
of S. Africa. 

Gryponyx Broom. Stormberg Beds ; Orange Free State and Transvaal, 
South Africa. 

Family 2. Zanclodontidae.’ 

Imperfectly known, resembling Plateosauridae, but teeth deej), laterally compressed 
to two sharp edges, with the apex usually curved backwards. Upper Triassic and 
Rhactic. 

Zanclodon Plieninger. Smooth teeth with edges entire or fitiely serrated, 
found with dorsal and caudal vertebrae which have high and broad neural 
spines. Z. laevis Plien. Lettenkohle ; Gaildorf, Wiirtemberg. Other teeth 
in Muschelkalk. Z. cambrends Newton, a dentary with teeth from Rhaetic, 
Bridgend, S. Wales. 

Teratosaurus H. von Meyer, Maxilla indicating rather small antorbital 
vacuity. Three sacral vertebrae. Well-develo])cd abdominal riba. T. suevicus 
H. von Meyer. Stubensandstein ; Ileslach and Trossingen, Wiirtemberg. 

Gresslyosaurus Riitimeyer (Avalonia, Ficrodon Seeley ; Fachysaums F. von 
Huene). Three sacral vertebrae. Upper arm twice as long as lower arm. 
Femur nearly straight. Foot with reduced metatarsal v. G. ingens Riitim., 
with sacrum about 40 cm. long. Upper Keuper ; near Basle. Allied species 
in Rhaetic of Wedmore, Somerset, and in Upper Keuper of Wiirtemberg. 

Cladyodon Owen. Teeth from Keuper ; Warwickshire. 

Euskelesaurus Huxley (Orosaurus Huxley ; Orinosaurus Lydekker). Storm- 
berg Beds j Cape Province, S. Africa. 

Gigantoscelus, E'ucnem.esaurusYnw Hoepen ; Melauorosaurits Haughton, Storm- 
berg Beds ; S. Africa. 


Family 3. Anohisauridae.^ 

Small light Therapoda. Head small; quadrate inclined forwards and down- 
wards; teeth short cones, laterally compressed to two sharp edges which are usually 

^ Hiwne, F. von^ Kmkelesaurus in Gteol. ii. Palaeont, Ablianill., n.f., vol. viii., p. 128, 1906. — 
Zanclodmi and Oresslyosaurm, loc. cit, suppl. vol. i., p. 105, 1908. — Beitrage zur Kenutnis einiger 
Saurischier der schwabiacheii Trias {Teraiosaurus]. Neues Jahrb. f. Min., etc., 1916, vol. i., p. 16. — 
Newton, E. T,, Megalosauroid Jaw from Rhaetic Beds near Bridgend. Quart. Journ. Geol. Soc,, 
vol. It., p. 89, 1899. — Sedey, J£. O., Large Terre.strial Saurians from the Rhaetic Beds of Wedmore 
Hill. Geol. Mag. [4], vol. v., p. 1, 1898. 

® Broom, R., Dinosaurs of the Stormberg. Ann. S. African Mus., vol. vii., p. 291, 1911 ; also 
Trans. S. African Phil. Soc., vol, xvi., p. 201, 1906. — Haughton, 8. H,, Fauna and Stratigraphy of 
the Stormberg Series. Ann. 8. African Mus., vol. xii., p. 870, 1924. — Hoepen, E. 0, N, mn. 
Dinosaurs from Stormberg Beds. Ann. Transvaal Mas., vol. vii., pp. 77, 98, 1920. — Huene, 
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serrated. Vertebrae amphicoelous or amphiplaiyan ; neck long, with nine vertebrae ; 
two or three sacral vertebras. Fore limb relatively large, with five digits, the two 
outer shortened. Ilium expanded behind ; pubis rod-shaped. Femur curved, longer 
than tibia ; astragalus without ascending jrrocess. Hind 
foot with four complete digits, the fifth reduced. Triassic. 

AncJmaurus Marsh {Megadactylvs Hitchcock ; 

Jmphisaarus Marsh). Orbit very large and rounded ; 
one antorbital vacuity. Vertebrae elongated. Fifth 
digit in hind foot reduced to a rudimentary meta- 
tarsal. A. colurus Mfirsh, about 2 m. long. Triassic ; 

Connecticut. Other species in Massachusetts. 

Ammosaurus Marsh (Fig. 475). Triassic; Con- 
necticut. 

Thecodoniosaurus Riley and Stutchbury. Teeth 
and isolated bones. Triassic (Magnesian Conglomer- 
ate) ; Durdham Down, Bristol. Various fragments 
have been compared with this genus from Germany, 

N. America, S. Brazil, and South Africa ; some from 
the German Musclielkalk probably belong to Tanip 
strojtheus (p. 270). 

Agrosaurus Seeley. Trias; N.E. Australia. 

? Arctosaurus Adams. Cervical vei*tebra fi-om 
Bathurst Island, Arctic America. Perhaps Chelonian. 

? Epicampodon Ly d ckk er ( A nkidrodon H u xley ) . 

Parichet Beds ; Bengal, India. 

Massospondylus Owen. Maleri Beds ; India. Storm- 
berg Beds ; S. Africa. 

Hortalotarsus Seeley ; Gyposaurus, Aetonyx Broom ; 

Dromicosaarus, A rLdosaurusVun Hoepen. Stormberg 
Beds : S. Africa. 

Family 4. Hallopodidae.^ 

Small leaping Theropoda. Neck comparatively short with eight to ten vertebrae; 
sacrum with three or four vertebrae, tail with short vertebrae in its basal portion. Fore 
limb very short and slender, with five short digits. Hind limb long and slender, with 
three or four elongated metatarsals closely apposed and similar, the first sometimes 
shorter, and the fifth metatarsal much reduced. Astragalus without ascending 
process, Calcaneum with a prominent tuber. Abdominal ribs. No dermal armour. 
Upper Triassic. 

Hallopus Marsh. Three sacral vertebrae. Femur nearly as long as tibia. 

F. von, Nachtriige zu iiieineu friilieren Beschreibuugen von triassischer Saiirischia. Geol. u. Palaeoiit. 
Abhandl., n.f., vol. xiii., p. 69, 1914.— O. C., Notes on Triassic Dinosaiiria. Anier. Journ. 
Sci., vol. xHii., p. 543, 1892. — Seeley, //. G., Agrosatints viacgiUtvrayi. Quart. Journ. Geol. Soc., 
vol. xlvii., p. 164, 1891. — Mctssospondyhts. Ann, Mag. Nat. Hist. [6], vol. xv., p. 102, 1895. — 
Thecodoniosaurus and Palaeosaurus. Loc. ciL, p. 144, 1895. 

* Fraas, K, Die neuosteu Dino.saurierfuude in Wiirttemberg. Jahresh. Ver. vaterl. Naturk. 
Wiirtt., vol. Ixx., p. 60, 1914. — Huene, F. von, and Lutl, R. S., Hallopus victor Marsh, Amer. 
Journ. Sci., vol. xxv., p. 113, 1908. — Huene., F. von, Beitrage zur Geschicbte der Archosaurier. 
Geol. n. Palaeont. Abhandl., n.f., vol. xiii., p. 3, \^\^.—Proc<mpsognathns triassicus E. Fraas. 
Acta Zoologica, vol. ii., p. 860, 1921. — Woodnmrd, A. S., New Dinosaurian Reptile (Sclerotnochlus 
taylori, gen. et sp. nov.). Quart. Journ, Geol. Soc., vol. Ixiii., p. 140, 1907. 
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First digit of foot complete but short ; fifth metatarsal without phalanges. 



Fio. 47t>. 

Procompsogmthus truxsairm E. Fi-aas. Restoration of skelet^>ii l»y F. von Hiiene, about Va iiat, size. 
Middle K»*ui>er; Wiirteinberjc. 


//. Vidor Marsh, a fragmentary skeleton without skull, from Upper Triassic 



near Canyon City, Colorado. 

Procom 2 mgnath\isYA. Fraas (Fig. 
476). Skull elongated, with very 
large round orbit and triangular 
antorbital vacuity. Teeth slightly 
recurved. About fourteen dorsal 
vertebrae, and probably three 
sacrals. Hind limb more than 
three times as long as fore limb. 
P. triassicus‘ E. Fraas, with skull 
about 8 cm. long, from Middle 
Keuper of Pfatfenhofen, Wiirtem- 
berg. 

Pterosgtondf/lus Jaokel. Upper 
Keuper ; Halberstadt. 

Sderoraochlm A. S. Woodward 
(Fig. 477). Teeth very small. 
About eight cervical, thirteen 
dorsal, four sacral vertebrae, and 
more than fifty caudals. Hind limb 
more than twice as long as fore 
limb. Femur nearly as long as 
tibia ; the four complete meta- 
tarsals of equal length ; fifth meta- 
tarsal a mere rudiment. Shape 
of coracoid unknown. No clavi- 


Fio. 477. cular arch. Acetabulum appar- 

Sderomochlita taylori A. 8. Woodwani. Ileatoratioii of Ontly perforate. 8* tavUiTi A. S. 
skeleton by A. 8. Wofxlward, s*/s nat. size. Upptjr Triassic; i u * i i ^ 

i^saieinouth, Scotland. Woodw., known by skeletons 

from 20 to 26 cm. in length, 
from Upper Triassic, Lossiemouth, Elgin, Scotland. 
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Family 5. Podokeaauridae.^ 

Small leaping Therojnxia. Trunk short, with elongated vertebrae. Tail very 
long, with much elongated vertebrae. Triassic. 

Podokesaurus Talbot. Slender cervical ribs. About eleven dorsal 
vertebrae. Tail more than 1 i times the rest of the skeleton. P. holyokensu 
Talbot, about a metre long, known by part of skeleton without skull, from 
Upper Triassic, Mount Holyoke, Massachusetts. 

? Coelophysis Cope. Upper Triassic ; New Mexico. 

Saltopus F. von Huene. About fourteen dorsal vertebrae, and four sacrals. 
Femur much curved, shorter than tibia. Metatarsus more than two-thirds as 
long as tibia. S. elghwnsis F. von Hxiene, known by part of skeleton without 
skull, from Upper Triassic, Elgin, Scotland. 

Family 6. Oompsognathida^.^ 

Cervical vertebrae slightly ojdsthocoelous, postcervicals'amphijdatyan. Necdc long and 
flexible ; cervical ribs styliform. Pubes stout, Ischia shorter and more slender. Femur 
shorter than tibia ; astragalus with ascending proc£ss. Meta- ^ 
tarsals long ; manus and pes with three functional digits, the 
inner and outer digits rudUnentary. Upper Jurassic. 


nil 


Dila 


Fio. 479. 

Conipsognathus Jongipes 
Wajjner. Left hind fwt. f, 
fibula; mt, metatarsals; T, 
tibia; distal tarsals. Nat. 
size (after Baur). 

Gompsognathus Wagner (Figs. 478, 479). Rejiresented by a unique skeleton 
from the Lithographic Stone of Kelheim, Bavaria, in the Munich Museum. 

^ Hume, F. von, Ein primitiver Dino.saurier aus dein mittleren Trias voii Elgin [Saltapus], 
Oeol. u. Palaeont. Alihandl., xi.f., vol. vilL, p. 317, 1910.-— Revision von Fodokesaurus 
holyohenaU M. Talbot. Loc. cit., vol. xiii., p. 31, 1914. — Coelophysis. Bull. Ainer. Mtis. Nat. 
Hist., vol. xxxiv., p. 600, 1915. — Tcdbiri, M,, Fodokesaurus holyokensis. Amer. Journ. Sci., 
vol. xxxi., p. 469, 1911. 

2 Huene, F. von, Der vermuthlicbe Hautpanzer de.s Gompsognathus longipes Wagn. Neiies 
Jabrb. f. Min., etc., 1901, vol. i., p. 157. — Eiiie netie Rekonstruktion von Gompsognathus. 
Centralbl. f. Min., etc., 1925, Abt. B, p. 167. — Mpcsa, F., Neues liber Gompsognathus. Neues 
Jahrb. f, Min., etc., Beil.-Bd. xvi., p. 476, 1903. — Wagner, A., Compsogmithus. Abb. k. bay. 
Akad. Wias., math.-pbys. Cl,, vol. ix., p. 94, 1864. 
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In the body cavity it contains a small skeleton, which is interpreted by Marsh 
as an embryo, by Nopcsa as a reptile swallowed for food. ISkull about 
7-5 cm. long, its long axis at right angles to the relatively long neck. The 
ten cervical and thirteen dorsal vertebrae have a combined length of 20 cm,, 
and the caudals, of which onh’^ fifteen are preserved, measure about the same. 
There are five sacral vertebrae. Fore limbs only half as long as the hinder 
pair. Proximal tarsals tend to form with the tibia a bird-like tibio-tarsus ; 
distal tarsals represented by three small flattened bones. The supposed 
epidermal scales are probably only rock structures. C. Imgipes Wagner. 

Kouphichnium Nopcsa. Footprint from Lithographic Stone, Solenhofen. 

Family 7. Coeluridae.^ 

Small and, slender Theropoda. Skull small, teeth smiall, and lower jaw short and 
deep ; quadrate vertical or indined forwards and downwards. Neck Icmg and slender. 
Fore limb long and slender. Ilium long and low, curved down in front. Femur 
shorter than tibia, and foot ivith three complete digits, the middle metatarsal not 
reduced at the proximal end. Upper Triassic to Upper Cretaceous. 

Halticosaurus F. von Huene. Keuper ; Germany. 

Coelurus Marsh. Known only by portions of the vertebral column, pelvis, 
and limb bones. Centra, neural arches, and all processes of the vertebrae have 
hollow interiors, and the neural arches are suturally united with their centra. 
In the cervical and trunk regions the neural canal is greatly dilated. Upper 
J urassic ; Wyoming and Maryland. 

Ornitholestes Osborn. Skull with two pairs of antorbital vacuities ; frontal 
bones firmly united with the parietals. About twenty-three presacral vertebrae, 
four sacrals. Hand much elongated, with first digit divergent and two outer 
digits reduced. Pelvic bones united. Perhaps identical with Coelurus. 0. 
hermanni Osborn, known by nearly complete skeleton about 2 m. in length, 
from Upper Jurassic (Morrison Formation), Wyoming. 

Brasileosaurus F. von Huene. Lower Cretaceous ; State of San Paulo, 
Brazil. 

Thecosporuljflus Seeley ; Thecocoelurus F. von Huene ; Calamospondylus 
Lydekker. Wealdeii ; England. Tichosteus Cope. Upper Jurassic ; Colorado. 
Detached vertebrae. 

Aristosuchus Seeley. Wealden ; Isle of Wight. 

Elaphrosaurus Janensch. Tendaguru Beds ; Tanganyika Territory. 

Velociraptor, Saurornithoides Osborn. Upper Cretaceous (Djadochta Beds) ; 
Mongolia. 

Chirostenotes Gilmore. Manus and perhaps slender lower jaw from Upper 
Cretaceous (Belly River Beds), Bed Deer River, Alberta, Canada. 

^ OUrrurre^ C. W., New Coeliiriti Dinosaur from the Belly River Cretaceous of Alberta 
[Chirostenotes]. Canada Geol. Siirv., Bull. no. 38, p. 1, 1924. — Janensch, W., Die Coelurosaurier 
und Theropoden der Tendaguru -Schich ten. Palaeontographica, suppl. vii., 1st ser. i., p. ],.1925. — 
Reconstruirtes Skelett von Elaphrosaums. Jjk. cU., p. 279, 1929. — Oshorn, //. F., Restudy of 
Ornitholestes hermanni. Bull. Amer. Mus. Nat. Hist,, vol. xxxv., p. 786, 1917. — Three new 
Theropoda, Protoceratops Zone, Central Mongolia, Amer. Mus. Novit., no. 144, 1924. — Seeley, 
H. Q., Aristosuchus pusdlus (Owen). Quart. Jouni, Geol. Soc., vol. xliii., p. 22i, 1887. 
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Family 8. Megralosauridae.^ 


Large and heavy Theropoda, with large hJcvU in which the suture between the 
frontals and parietals u loose. Quadrate inclined backwards and downwards, and 
lower jaw long ; teeth deep, laterally compressed to two sharp edges 
which are usually serrated, and the apex usually curved backwards. 

Neck stout, with short ojdsthocoelous vertebrae. Fore limb small, 
with Jive digits of which the two outer are short : claws relatively 
large, strongly curved. Ilium expanded in front, with large 
pedicle for pubis ; jmbis and ischium expanded at distal end. 

Femur longer than tibia : astragalus with ascending j^rocess ; 
metatarsals ii to iv subequal, not compressed, hearing three 
functional digits, metatarsal l reduced ami bearing small retro- 
verted digit ; metatarsal V rudimentary. Jurassic and Wealden. 

Megalosaurus Buckland (Poikilopleuron Deslongchamps ; 

Streptospondylus H. von Meyer ; Proceraiosaurus F. von Hiiene) 

(Fig. 480). Laterally compressed bony horn core observed 
on nasal bones of one small species, M. bradleyi A. S. Wood- 
ward. Four teeth in premaxilla. One large antorbital 
vacuity. Five sacral vertebrae. Bones of pelvis and of 
metatarsus not united. M. bucklandi H. von Meyer, with 
scapula 80 cm. and femur 1 m. long, known by portions 
of jaws and isolated bones from the Lower Oolites of Oxford- il V. Meyer. Tooth, 
shire, Wiltshire, and Dorset ; the first Dinosaur discovered. EngUndT‘ 

M. (Proceratosanrus) bradleyi A. 8. Woodward, known by 

skull 26 cm. in length, from Great Oolite, Gloucestershire. M. (Strepto- 

spondylus) cuvieri Owen. Oxford Clay ; Oxfordshire, and Honfieur, N. France. 



Fkj. 480. 
Megalosaurus bucklandi 



Fig. 481. 


Ceratosawrus lUisicomU Marsh. Skull and mandible fi-om anfcerit)r (i4) and lateral (if) aspects. Upper 
Jurassic; Colorado. orbit; i>, ant>orbital vacuity; D\ mandibular vacuity; N, external nostril; S, lateral 
temporal vacuity. Vs nat. size (aaer Marsh). 


Various teeth and fragments much resembling those of Megalosaurus are 
known from the Cretaceous of Madagascar, Tanganyika Territory, India, 

^ Andrews^ G. W., Thoropodous Dinosaur from Lower Lias of Barrow-on-Soar. Ann. Mag. 
Nat. Hist. [9], vol. viii., p. 670, 1921. — Gilmore, C. IF., Osteology of the Carnivorous Dinosanria in 
the (J.S. National Museum. U.S. Nat. Mus., Bull. 110, 1920. — Fore limb of AUosaurua fragilis. 
Proc. U.S. Nat. Mus., vol. xlix., p. 601, 1916. — Hay, O. I*., Skull of Veratoaaurus. I^oc. U.S. 
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Australia, and South America, but these probably belong to other genera. An 
ungual phalange is also known from the Jurassic of Cape Patterson, Victoria, 

Australia, a footprint from N.E. Greenland. 

Alti^jmiax F. von Huene. Middle dorsal verte- 
brae with very high neural spines. A, dunkeri 
Koken sp., with height of these neural spines 
equalling length of four vertebral centra. Euro- 
pean Wealden. 

Ceratosaurufi Marsh (Figs. 
481, 482). Laterally com- 
pressed bony horn core on 
nasal bones. Three teeth 
in prernaxilla. Five sacral 
vertebi ae. Fore limbs very 
small. Ilium comparatively 
long and low. Pelvic bones 
united, and three metatarsals 

\V\\ 7//^. 

Fi(;. 482. 

Ceratosaurtis vasicornis >lars)i. 

Restoration of skolettJii by O. C. 

Marsh. 1/40 nat. size. Upp*T 
Jurassic; Colorado. There aie 
probably live or six t(Mj many 
presacral vertebrae. 

united. Small bony dermal scutes in median longitudinal row on back, also 
a few others, C, nasicorrds Marsh, known by 
greater part of skeleton about 5 to 6 m. in 
length. Upper Jurassic ; Colorado. 

Allofiaurus Marsh (Creosaunis Marsh ; ? An- 
trodemus Leidy) (Fig. 483). No nasal horn 
core. Five teeth in premaxilla. A small second 
antorbital vacuity near narial opening. Digits 
IV, V of manus much reduced. Pelvic bones and 
metatarsal bones not united. A. fragilis Marsh, 
known by nearly complete skeleton about 5 m. 
in length. Upper Jurassic ; Colorado and Wyo- 
ming, Other species perhaps in Tendagurii 
Beds, Tanganyika Territory, Africa. 

Sarcosmirus Andrews. Small pelvis, etc. 

Lower Lias ; England. 

Nuthetea Owen. V ery small, supposed to have 
conical dermal bones. Purbeck Beds; Swanagc. 

Nat. Mus., vol. XXXV., p. 359, 1908. — Huem^ F. von^ Reptiles 

of the Order Saurischia froiii Englan<l and France, Ann. 4 g 3 

Mag. Nat. Hist. [9], vol. xvii., p. 473, 1926. — Megalosaurua, * 

• 1 . iLt T A 1 • Ar iftois !,» AlUmurus fragilis Marsh. Right fore 

lievista Mus. La Plata, vol. xxix., p. 45, 1926.— Aop^a, Jt., upp^; Jurassic; Colorado. C, 

Genn.H Streptospandylus. Beitr. Palaeoiit. u. Geol. Osterr.- coracoid ; i/, humerus ; ft, radius ; ft, 
Ungams, vol. xix., p. 69, 1906 ; also Geol. Mag. [6], vol. ii., scapula; t/, ulna; cj, centrale 2; i, inter- 
p. 289, im.-OAom, H. F., Skull of Creomurus. Bull. VTl Zt® 

Amer. Mus. Nat. Hist, vol. xi*., p. 697, IflOS.-Cranium 
of Atlosaurus, Mem. Amer. Mus. Nat. Hist,, n.s., vol. i., 

p. 27, 1912 , — PhillipSt Geology of Oxford, p. 628, 1871. — Woodward, A. JS., Skull of Megalo- 
saurua from Great Oolite. Quart Joum. Geol. Soc., vol. Ixvi., p. Ill, 1910. 
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Family 9. Dinodontidae.^ 

Very large and heamj Therapoda^ with large skull in which the frontals and 
parietals are firmly united. Quadrate long and nearly vertical^ and lower jaw 
deep. Large sahre-shaped teeth. Cervical vertebrae opisthocoelous, very short and 
wide. Ilium long, extended far forwards and decurved, with very short pedicle for 
puhvi. Fore limb very small ami manus much reduced. Femur about as long 
as tibia; astragalus with ascending process; metatarsals of three digits crowded 
together; small first digit of foot reverted. Cretaceous. 

Dinodon Loidy {A ublysodon Cope). Teeth from Upper Cretaceous, Judith 
River, Montana. Generally regarded as belonging to one of the following genera. 

Tyrannosaurus Osborn (Dynafnosaurus Osborn ; ? Manospondylus Cope) 

(Fig. 472). Skull very deep and laterally compressed; four small teeth in 
premaxilla. Nine or ten cervical, thirteen or fourteen dorsal, and five sacral 
vertebrae. Small reduced manus imperfectly known. Pelvic bones united; 
pubis with very large distal expansion ; ischium short, tapering distally. Well- 
developed abdominal ribs and some dermal plates. T, rex, Osborn, 10 m. in 
length. Upper Cretaceous (Lance) ; Montana, perhaps also Dakota. 

Gorgosaurus Lambe (Albertosaurus Osborn). Skull less deep than in 
Tyrannosaurus', four small teeth in premaxilla. Humerus about one-quarter 
as long as femur ; manus with only first and second digits complete. Pelvic 
bones not united. Rudiment of metiitarsal v in hind foot. G. libratus 
Lambe, with skeleton about 9 m. long. Upper Cretaceous (Belly River) ; 
Red Deer River, Alberta, Canada. Supposed by Lambe to show a paired 
ossification of the sternum. Other species in the Edmonton Formation, 
Alberta (Albertosaurus). 

Dromaeosaurus Matthew and Brown. Three large teeth in premaxilla. 
Belly River Formation ; Alberta. Judith River Formation ; Montana. 

Drypfosaurus Marsh (Laelaps Cope). Cretaceous; New Jersey. 

Erectopus F. von Huene. Gault ; N. France. 

Carcluirodontosaurvs Stromer. Lower Cenomanian ; near Gebel Harra, Egypt. 

Genyodecies A. S. Woodward (? Loncosaurus Ameghino). Upper Cretaceous ; 
Neuquen, Argentina. Orthogoniosaurus Gupta. Lameta Beds ; India. 

Fragments of undetermined genera in the Cretaceous of the Sahara, 
Madagascar, India, and Now South Wales (Australia). 

Family 10. Spinosauridae.i 

Gigantic Theropoda. Teeth not much curved. All presacral vertebrae opistho- 
coelou.% the neural spines of the dor. sals extremely long. Upper Cretaceous. 

^ Abelf (),, Plastische Kekonstruktion des Lebensbildes von Tyrannosaurus rex Osborn. 
Palaeobiologica, vol. iii., p. 103, 1930 — lAiwhtt Lower Jaw of Drypiosaui'us incraMatvs 

(Cope). Ottawa Naturalist, vol. xvii., p. 133, 1903. —Cretaceous Theropodoiis Dinosaur Gorgosaurus. 
Canada Geol. Surv., Mem. 100, 1917. — Matthew^ W, I)., and Brown, B., Family Deinodontidae. 
Bull, Amor. Mus. Nat. Hist,, vol. xlvi., p. 367, 1922. — Dcinodontidas from the Cretaceous of 
Alberta. Atner. Mus. Novit., no. 89, 1923. — Osborn, //. F., Tyrannosaurus and other Cretaceous 
Carnivorous Dinosaurs. Bull. Amer. Mus. Nat. Hist, vol. xxi., p. 259, 1905 ; also loc. cit., vol. 
xxii., p. 281, 1906, and vol. xxxv., p. 761, 1916. — Crania of Tyrannosaurus and AUosaurus. 
Mem. Amer. Mirs. Nat. Hist., ii.s., vol. i., p. 3, 1912. — Parks, W, A,, Albertosaurus ari^unguis, 
Univ, Toronto Studies, Geol. Ser., no. 25, 1928. — Strmn^r, E., Ein Skelett-Rest von CarcharodUmio- 
saurus nov, gen. Abhandl. Bay. Akad. Wiss., math.-naturwiss. Abt, n.f., no, 9, 1931. 

* Stromer, E, von, Spinosaurus aegyptiacus n, gen. und n. sp. Abhandl. k. bay. Akad. Wise., 
math.-naturw. Kl., vol. xxviii., p. 82, 1915. 
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Sjnnosaurv^s E. von Stromer. Some neural spines 1-80 m. in length. 
Cenomanian ; Egypt. 


Family 11 . Omithomimidae.^ 

Very slender Theropoda. Skull small^ teeth reduced or absent, and quadrate 
inclined foi'wards and downwards. Long axis- of skull at right angles to that of 
long slender neck. Fore limb long, with three subequal digits. Ilium long and 
low, curved down in front. Femur shorter than tibia ; astragalus with ascending 
process ; foot elongated with three crowded digits, the middle metatarsal attenuated 
at the jyroximal end. Cretaceous. 


Orniihomimns 
Denver, Colorado. 


Marsh. Known by hind foot and fragments from near 
Fifth metatarsal absent. Other fragments from Judith 
River Formation, Montana. 

Struihiominms Osborn (Fig. 484). Skull with 
very large orbit and sclerotic plates ; toothless. 
First digit of maims slightly divergent. Pelvic 
bones united. Third digit of pes much longer 
than others, and a rudiment of the fifth meta- 
tarsal present. Abdominal ribs conspicuous. 

S. alius Lambe sp., about 4 in. 
in length, from Upper Creta- 
ceous (Belly River Formation), 
Alberta, Canada. 

Ovirapior Osborn. Very 
light short and deep skulk with 
^ facial shorter than cranial 

region ; toothless. Supposed 




Fio. 484. 

Struthiomim'ns alius LaTn]>e sp. Restf>ration of Mkaletori by OhIkjiti, V30 
Upi)er Cretaceous ; AUxsila, Canada. 


to possess T-shaped interclavicle. 0. philoceratops Osborn, found on nest of 
Ceratopsian eggs. Upper Cretaceous (Djadochta Beds) ; Mongolia. 

Coelosaurus Leidy. New Jersey and Maryland. 

? Lahrosaurus Marsh. Jaw partly toothed. Morrison Beds ; Colorado. 

' Lambe, L. M., Manus of Ornithomimus. Ottawa Naturalist, vol. xviii., p. 33, 1904. — Pore 
limb. Loc. cit., vol. xxvii., p. 129, 1914. — Nojiceu. F., Probable Habits of Struthivmimua. Ann. 
Mag. Nat. Hist. [9], vol. x., p. 162, 1922. — Osborn, //. F., Skeletal Adaptations of Omitholestes, 
Stmthiomimus, etc. Bull. Anier. Mus. Nat. Hist,, vol. xxxv., p. 783, 1917. — Oviraptor philo* 
ceratops. Amer. Mus. Novit., no. 144, p. 7, 1924. — Parks. W. A., Struthitmiimns sarnnHi Uiiiv. 
Toronto Studies, Geol. Ser., no. 26, 1928. — S. brevetertiv^. Trans. Roy. Soc. Canada [8], vol. xx., 
sect. Iv., p. 65, 1926. — Sternberg, O, M., Canadian Field- Naturalist, vol. xlvi., p. 99, 1932. 
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According to F. von Huene, the femur named Megalosaurm hredai Seeley, 
from the Maastricht Chalk, Holland, and the claw named M, lonzeensis Dollo, 
from the Lower Senonian near Namur, Belgium, probably belong to Ornitho- 
miinidae. The family also seems to be represented in the Cretaceous of Lake 
Tchad, West Africa; in the Upper Cretaceous (Lameta Beds) of Jubbulpore, 
India ; and in the Upper Cretaceous of Patagonia (Clanmodo^aurus Ameghino). 

Sub-Order 2. SAUBOPODA.^ {Celiosauria.) 

More or less massive, herbivorous or omnivorous, quadrujtedal Dinosaurs, with 
long neck, long tail, and short trunk. Skull relatively small ; hrain-case completely 
ossified; antorhital vacuity large. Mandibular ramus without coronoid qjrocess ; 
no predentary bone. Teeth spatulate, with anterior and posterior cutting edges. 
Cervical and anterior dorsal vertebrae opisthocoelous and much hollowed on each side ; 
the rest amphiplatyan or slightly amphicoelous. Neural canal much expanded in 
the sacrum. Sternum ossijisd. Pubes moderately long, broad, and united distally 
by cartilage ; ischia also broad and shnilarly meeting didally. Limb bones solid, 
femur without prominent inner or fourth trochanter. Fore limbs never more than 
slightly shorter than the hinder pair. All four feet semiplantigrade, with five digits, 
of which the outer two are more or lej<s reduced ; distal row of carpals and tarsals 
apparently unossified. Det'mal armottr absent. 

The Saurojtoda exhibit more resemblances to Crocodilia than the other Sub- 
Orders of Dinosaurs, and it is not surprising that the first fragmentary 
remains of Cetiosaurus were referred by Owen to a supposed Crocodilian of 
an extinct Sub-Order which he named Opisthocoelia. These Dinosaurs may 
have arisen from a primitive group nearly similar to that of the Triassic 
Plateosaurida£ (p, 375), which connects them with the Theropoda. They include 
the largest land animals known, some of them having attained a length of 
30 111 . or more. The relatively large size of their fore limbs and the shape of 
their fore feet show that they were quadrupedal ; and their dentition suggests 
that they fed on succulent plants, probably water plants, and the animal life 
associated with them. Their remains are found in both estuarine and marine 
deposits, and they evidently frequented swamps, spending much of their life 
in water. The late Prof. E. D. Cope suggested that their long neck enabled 
them to reach the surface to breathe when they were walking on the bottom 
and feeding in water of considerable depth. 

The skull is incompletely known except in the genera Diplodocus, Moro- 
saurus, Brontosaurus, and Helopus. Long cylindrical or spatulate teeth, with 
anterior and posterior cutting edges, are present in the paired premaxillae 
and in at least the anterior portion of the maxillae. The orbits are large 
and laterally directed, and the antorhital vacuities are also extensive. The 
external nares are either paired and placed laterally {Mm'osaurus), or single 
and situated at the apex of the skull {Diplodocus). 

The cervical and anterior dorsal vertebrae are opisthocoelous, and much 

^ Hiiene, F. von, Grundlogen der jetztigen Kenntnis der Saiiropoden. Eclogae geol. Helvetiae, 
vol. XX., p. 444, 1927. — Review of present Knowledge of the Sauropoda. Mem. Queensland Mus., 
vol. ix., p. 121, 1^27 .--Janemch, W., Sauropoden der Tendaguru-Expedition. Palaeontographica, 
siippl. vii., lat ser. ii., p. 1, 1929. — S^opesa, F., Zur Systematik und Biologie der Sauropoden. 
Palaeobiologica, vol. iii., p. 40, 1930. — Verdnys, J., Waren die sauropoden Dinosaurier Pflanzen- 
fresserf Zool. Jalirb., Abt. f. Systematik, etc., vol. xxix., p. 425, 1910. 
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hollowed along the sides. The double-headed cervical ribs are fused in part 
at least with their respective centra and neural arches, and the neural spines 
are sometimes reduced and paired, as in Di^lodocus. In the posterior dorsal 
vertebrae there is a hyposphene-hypantrum arrangement, in addition to the 
pre- and post-zj^gapophyses. The centra of the dorsal vertebrae (Fig. 485), 
and sometimes also of the other regions, contain large internal cavities, which 
were probably pneumatic during life. These chambers, of which there are 
one or more on each side, are separated by a median longitudinal septum, 
not always continuous, and open outwardly by a foramen or elongated aper- 
ture near the base of the neural arch. In the presacral and anterior caudal 
vertebrae, the neural arches and spines are likewise hollowed or buttressed. 
Each sacral vertebra supports its own rib. The neural arches of the three 
primitive sacral vertebrae are usually fused together, while those of the 
vertebrae added in front and behind are separate. The neural canal in the 
sacrum is expanded to twice or three times the diameter of the brain cavity.^ 
The posterior caudals have solid centra, often slightly concave behind, and flat 
or more rarely concave in front. Chevron bones are well developed, Y-shaped 
near the base of the tail, and gradually passing backwards in a pair of 
horizontally extended bars. A lash of roishaped vertebrae with conical ends 
sometimes occurs at the end of the tail. 

The limb bones are almost or completely solid, and their rough extremities 
show that the articulations were completed with much cartilage. In the 
pectoral arch the scapula is elongated, and much more expanded proximally 
than at its distal end. The coracoid is small, more or less rounded anteriorly, 
and suggestive of the corresponding element in lihynchocephalians. There 
is a pair of sternal bones. The humerus has a distinct head, and is somewhat 
Crocodilian. The pelvic bones are never coossified. The ilium exhibits only 
a slight preacetabular extension, and the broad ischium is without an 
obturator process, 'J'he pubes are stout, directed downwards and forwards, 
and meet in a cartilaginous symphysis. The femur is considerably longer 
than the tibia and fibula, and its large head is directed inward from the shaft 
to enter the acetabulum. The astragalus is without an ascending process. 
All the phalanges are short, and the ungual phalanges of the three inner 
digits are compressed claws originally sheathed with horn. One footprint 
is known from the Morrison Beds of Colorado. 

Remains of Sauropoda occur principally in the Middle and Upper Jurassic 
and Wealden of England and Northern Franco, and in the equivalent forma- 
tions of the western United States, especially Wyoming and Colorado. They 
are also known from the Jurassic of Queensland, Australia. They are 
especially abundant in Tanganyika Territory (East Africa), Madagascar, India, 
China, Brazil, and Patagonia. The latest from the uppermost Cretaceous 
in Patagonia are associated with primitive Mammals. 

The determination of the genera and species in the Sawroj)oda is especially 
difficult on account of the large size of the fragmentary specimens, the lack 
of knowledge of changes which occur during growth, and the uncertainty 
as to which individuals are adult.^ The nomenclature has also been compli- 

* LuUt R, Functioas of the * ** Sacral Brain” in Dinosaurs. Amer. Joum. Sci., vol. xliv., 
p. 471, 1917. 

® Mook, G, 0»t Criteria for the Determination of Species in the Sauropodet, Bull. Amer. Mus. 
Nat. Hist., vol. xxxvii., p. 365, 1917, 
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cated, as in other groups of Dinosaurs, by various attempts to replace definite 
names by others given to indeterminable fragments. 

Family 1. Cetiosauridae.^ 

Teeth broad spatalaie^ constricted at base. Neural spines of vertebrae simple ; 
presacral vertebrae slightly opisthocoelou-s ; caudal vertebrae amphiplatyan or arnphi- 
coelousy except in terminal lash where they have conical ends. Fore leg shorter than 
hind leg ; long rnetacarpals, short metatarsals. Pubis very broad throughout ; ischium 
less broad, meeting its fellow distally side to side. Jurassic. 

Cetiosaurus Owen {Cardmhm Owen ; Cetiosauriscus F. von Huene). Brain 
case much resembling that of Plateosaurus.^ Bone of vertebral centra very 
finely cancellated (spongy). Lateral pits in dorsal vertebrae very shallow; 
five or six fused sacial vertebrae. Sternum j)aired as usual in Sauropoda. 
C. oxouiensis Phillips, with projwrtions of length of humerus to that of femur, 
77:100; length of tibia to that of femur, 58:100. Length of femur, 
1-65 m. Great Oolite; Oxford. C. (Cetiosauriscus) leedsi Hulke sp., wdth 
proportions of length of humerus to that of femur, 69:100. Length of 
femur, 1-36 ra. Terminal lash of tail found. Oxford Clay; Peterborough. 
C, (Cetiosaurhicus) grejgdni F. von Huene. Kimmeridgian ; Moutier, Switzerland. 

Pystrophaeus Cope, Jurassic; Painted Canyon, Utah, U.S.A. 

Haplocanthosaurus Hatcher. Bone of vertebral centra more coarsely can- 
cellated than in Cetiosaurus. H. pdscus and 11. utterhacki Hatcher. Upper 
Jurassic (Morrison Formation); Oil Creek, Canyon City, Colorado. 

Peterson and Gilmore. Upper Jurassic (Morrison Formation); 
Wyoming. Known only by remains of immature individuals. 

Family 2. Brachiosauridae.'^ 

As Cetiosauridae, but vertebrae more cavernous ; neural sjnnes more buttressed, 
and fore limb comjM^’atively slender, as long as, or longer than the hind limb. 
Jurassic and Cretaceous. 

Brachiosaurus Riggs, Neural spines decrease in length from mid-dorsal 

' HoUcher, J, /^, Osteology of Ifaploconihosaurus. Mem. Carnegie Mus., vol. ii., no. 1, 1903. 
— Hmne, F. von, Dystrophaeus viaevialae Cope in iieuer BelenchUing. Neiies Jalirb. f. Min., etc., 
Beil.-Bd. xix., p. 319, 1904. — liber einen Sauropoden im oberu Malm des Berner Jura. Eclogae 
geol. Helvetiae, vol. xvii., p. 80, 1922 ; also loc. cif., vol. xx., p. 445, 1927. — Peterson, O. A., and 
Gilmore, C. W., Mosaurus. Ann. Carnegie Mus., vol. i., p. 490, 1902. — Oilmen, R., Fossil Reptiles 
of the Mesozoic Formations (Mon. Palaeont. Soc.), p. 27, 1875. — Phillips, J., Geology of Oxford, 
p. 245, 1871. — Woo<hoard, A. S., Skeleton of Cetiosmmis leedsi. Proc. Zool. Soc., 1905, vol. i., 
p. 232. 

^ Huene, F. von, Hinterhaupt von Megalosaurus hncklandi nus Stonesfield. Neuea Jahrb. f. 
Min., etc., 1906, vol. i., p. 1. Also Eclogae geol. Helvetiae, vol. xx., p. 446, 1927. [Criticised 
by Hay, 0. P., Proc. U.S. Nat. Mus., vol. xxxvL, p. 106, 1909.] 

* Hatcher, J, B., Astrodon {Plcurocoelus) in the Atlantosaurus Beds of Wyoming. Ann, 
Carnegie Mus., vol. ii., p. 9, 1903. — Hulke, J, W,, Note on Ornithopsis, H. G. Seeley {Fvca’ 
merot'ua, Hulke). Quart. Journ, Geol. Soc., vol. xxxv,, p. 752, 1879 ; also loc. cit., vol. xxxvi., 
p. 31, 1880, and vol. xxxviii., p. 372, 1882. — Janetotch, W., Wirbeltierfauna der Tendaguni- 
schichten . . , Arten von Sauropoilen. Arcliiv f. Biontologie, vol. iii., p. 82, 1914. — Longman, 
H. A., JPhoetosauTUS hrownei, Mem. Queensland Mus., vol. ix., p. 1, 1927. — Lydekker, R., Sauro- 
podons Dinosaur from Madagascar. Quart. Journ. Geol. Soc., vol. li., p. 329, 1895. — Riggs, M. S., 
The Braehiosauridae. Field Columbian Mus., Chicago, Publ. 94, Geol. Ser., vol. ii., no. 6, 1904. 
— Sedey, H. G,, Pelvis of Ornithopsis. Quart. Journ. Geol. Soc., vol. xlv., p. 391, 1889. — 
Themnin, A., Pal^ntologie de Madagascar: Dinosauriens. Ann. Paleontologie, vol. ii., p. 121, 
1907. — Woodmtrd, A, 8., Dinodocus fnackeami. Geol. Mag. [6], vol. v„ p. 204, 1908. 
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region to sacrum; zygapophyses narrow and close to median line, hyposphene- 
hypantrum articulation strong. Sacrum of five vertebrae, very broad. 
Humerus as long as femur. B, aliithorax Riggs, with humerus 2 m. long. 
Upper Jurassic (Morrison P'ormation); western Colorado. B. hrannii Janerisch, 
with humerus 2- 10 m. long. Upper Jurassic and Lower Cretaceous; 
Tendaguru, Tanganyika Territory, Africa. 

Pleurocoehis Marsh. Known only by very small species, with deep narrow 
teeth (possibly identical with Astrodon Johnston). P. nanus Marsh, with 


A li 



Fio. 485. 


Ornithopsis hulkei Seeley. Woalden ; Isle of Wight. A, Anterior aspect. ]{, r>ateral aspect. C\ Cross- 
section of dorsal vertebra. 6, anterior face of centrum ; r, posterior cup ; d, transverse process ; /, lateral 
air-cavity ; Jutjt, hyposphene ; n, neural canal ; o, median septum ; p, caj[>itnlar facet for rib ; «, neural spine ; 
Zy pre- and i)ost-zyKapophyse8 ; za, hypantruni. Vg nat. size (after liulke), 

cervical and dorsal vertebrae elongated, not more than 10 cm. in length. 
Whole skeleton about 4 m. long. Upper J urassic ; Maryland and Wyoming. 
P. valdensis Lydekker. Teeth and vertebra. Wealden ; Sussex. 

Bothriospondylus Owen. Vertebrae from Lower Jurassic (Forest Marble) 
and Upper Jurassic (Kimmeridge Clay) of England. B. madagascarienns 
Lydekker, about 15 m. in length, with humerus about 1*30 m. in length. 
Middle J urassic ; Madagascar. 

Ornithopsis Seeley {Eucamerotm Hulke ; Ghondrosteosaurus Owen ; ? Peloro- 
saurus Man tell ; ? Oplosaurus Gervais) (Fig. 485). Very light vertebrae, of 
thin plates of bone ; ischium and pubis very broad. 0. hulkei Seeley, with 
cervical vertebra about 35 cm., dorsal vertebra about 23 cm. in length. 
Wealden ; Isle of Wight. 

Qigantosaurm Seeley (Ischyrosaurus Hulke). Fragments from English 
Kimmeridge Clay. 



ORDER xni DINOSAURIA 389 

THnodocus Owen. Perhaps identical with Ornithopsu, Lower Greensand ; 
Flythe, Kent. 

Bhoetomuriis Longman. It hrownei Longm., represented by vertebrae, 
femur, and other fragments from the Jurassic of Durham Downs, Queensland, 
Australia. The average dorsal vertebral centrum measures 18 cm. in length 
and 24 cm. in width of articular face. 


Family 3. Morosauridae.^ 

Snout short, ‘f^ot depressed ; narial ojtening paired and lateral. Dentition 
jumerful, Fresacral vertebrae verg light, the jtosterior cervicals and anterior dorsals 
with the neural spine divided into a sgutmetrical pair ; caudal vertebrae chiejlg 
amphicoelous. Fore leg much shorter than hind leg. Scajmla expanded distallg. Pubis 
less undened than in Cetiosauridac ; ischium meeting its 
fellow disialhj side to side. Upper Jurassic and Lower 
Cretaceous. 

Morosaurus Marsh (Figs. 486, 487). Skull short 
and deep, with a long close series of teeth. Cer- 
vical ribs not fused with their supporting processes. 

Neck extremely long and flexible, back short, with 
but ten dorsal vertebrae. Four sacral vertebrae, 
with cavities in the centra. Lower part of scapula 
very broad and prominent in front. M. grandis 
Marsh, known by greater part of skeleton about 
12 m. long. Upper Jurassic (Morrison Formation); 

Wyoming. Fragments of the same or a closely 
allied genus in the Weald en of Sussex. 

Camarasaurus Cope. Some associated vertebrae 
much like those of Morosaurus. Upper Jurassic; 

Colorado. 

Amphicoelias Cope. Upper Jurassic; Colorado. 

Barosaurus Marsh. Neck unusually large and 
tail rather short ; four sacral vertebrae ; the anterior 

caudal vertebral centra procoelous, with a deep pit on each side. Upper 
Jurassic ; South Dakota. 

Gigantosaurus E. Fraas {nee Seeley) {Tornieria Sternfeld). Sometimes 
referred in part to Barosaurus. Lower Cretaceous; Tendaguru, Tanganyika 
Territory ; also Nyasaland. 

The following two genera are allied but may belong to distinct families ; 

Helopus Wiman. Skull and pelvis much resembling those of Morosaurus, 
but neural spines of cervical and anterior dorsal vertebrae only very slightly 



' Fraas, E., Ostafrikanische Dinosaurier. Palaeontographicfii, vol. Iv., p. 105, 1908. — Gilmore, 
0. ir., Skeleton of Oamtrasaw'us. Mem. Carnegie Mas., vol. .x., p. 347, 1925. — Haughton, S. H,, 
Gigantosaurus dixeyi. Trans. Roy. Soc. S. Africa, vol. xvi., p. 70, 1928. — Janensch, W., Dicraeo- 
saurus, Archiv f. Biontologie, vol. iii., p. 81, 1914. — Das Haiulskelett von Gigantosaurus 
robustus und Braxhiosaurm hrancai. Centralbl. f. Min., etc., 1922, p. 464. — Material and 
Formengelialt der Sauropoden in der Ausbeute der Tendaguru-Expedition. Palaeontogr., Snppl. 
vii., p. 1, 1929. — Lull, H. S., Barosaurus Marsh. Mem. Connecticut Acad. Sci., voL vi., p, 1, 
1919. — Skeleton of (Jamamsaurus lentus recently mounted at Yale. Anier. Journ. Sci., vol. 
xix., p. 1, 1930. — Osborn, H. F,, and Mook, C, C., Camarasaurus, Amphicoelias, and other 
Sauropods ol Cope. Mem. Amer. Mas. Nat. Hist., n.s., vol. iii., p. 247, 1921 ; also Proc. Amer. 
Phil. Soc., vol. Iviii., p. 386, 1919. — Wiman, G., Helopus. Palaeont. Sinica, vol. vi., p. 6, 1929. 
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forked. Seventeen cervical, fifteen dorso-sacral, three true sacral vertebrae. 
H, zdanskf/i Wiman, about 10 m. in length. Lower Cretaceous ; Shantung, China. 

Bicraeosaurus Janensch, Vertebrae without lateral pits and less cavern- 
ous than in Moromu7'u.% with higher neural spines more deeply forked. 

A B 



Fig. 487. 


Morosnunis grandis Marsh. Upper Jurassic; Wyoniinj;. A, 11, Lateral and posterior asi.)6Cts of fourth 
cervical vertebra, Vs nat, size. Lettering as in Fig. 485. r, Pelvis viewtid from in front, i /jg nat. size. a*p, 
the four sacral vcrtebiae ; h, c, «, transverse processes; il, ilium; is, ischium; »c, neural canal; pubis 
(after Marsh). 

Comparatively short neck. Lower Cretaceous ; Tendaguru, Tanganyika 
Territory. 


Family 4. Atlantoeauridae.^ 

Resembling Morosauridae, but scapula mt expanded distalhj^ and ischium 
meeting Us fellow distalhj end to end. Upper Jurassic. 

AtlaTUosauius Marsh. A pituitary canal through the base of the skull. 
Four sacral vertebrae. A, montanus and A, immanis Marsh, with femur nearly 

^ ffatcher, J, Fore limb and Manus of Brontosaurus. Ann. Carnegie Miis., vol. i., p, 366, 
1902. — Holland, W. J., Uintasaums. Ann. Carnegie Mus., vol. xv., p. 119, 1924. — Afatihew, 
W, />., The Mounted Skeleton of Brontosaurus. Guide Leaflet no. 18, Anier. Mub. Nat, Hist, 
1905. — RiggSi K* A, Apatosaurus Marsh. Field Columbian Mus., Chicago, PubL 82, Geol. Ser., 
vol. ii., no. 4, 1903. 
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live. About thirteen cervical vertebrae, with very small neural canal, and 
no neural spines. Cervical ribs hatchet- shaped, the anterior fused, the 
hinder articulated with their centra. All the centra deeply hollowed, the 
inner cavities of the dorsals divided by a narrow median septum. Five 
sacral vertebrae. Ischia less robust than the pubes, somewhat expanded 
distally. B. excelsus Marsh, known by nearly comjdeto skeleton about 18 m. 
long. Upper Jurassic; AVyoming. Apatosaurus ajax Marsh (type of Apato- 
saurus Marsh) is regarded by Riggs as an immature individual of Brontosaurus^ 
with sacral vertebrae incompletely fused. 

Umtasauru.s Holland. Cervical vertebrae from Upper Jurassic (Morrison 
Formation), Utah. 


Family .5. Diplodocidae.^ 

Teeth slender and ct/lindrical, restricted to front margin of the jaws. External 
narial opening unpaired^ placed at apex of the skull. Presacral rertehrae hath 
hollowed and excavated for lightness. Neural spine of posterior cerrmd and anterior 
dmsal vertebrae divided into a stfmm-etrical pair. Caudal vertebrae amphicoelous^ 
except in terminal lash where theg have conical ends. Anterior limbs short ; scapula 
much expanded proxim-alh/j less expanded dUtallg. Fubis and ischium thickened, 
distally ; ischium meeting its fellow distally side to side. Upper Jurassic. 

JDiplodocus Marsh (Figs. 490, 491). Skull elongated and laterally com- 
pressed, elevated behind, depressed at the snout. Orbit very large and high 
up ; a triangular antorbital vacuity and a small maxillary vacuity ; supra- 
temporal fossa very small ; quadrate much inclined forwards. Neck extremely 
long and flexible, and back short. Vertebrae much elongated. Fifteen 
cervicals, ten dorsals, five sacrals, and seventy or more caudals. An unsym- 
metrical slender curved bone found with the original skeleton of D. carnegii 
has been variously interpreted as clavicle or os ptenis.^ D. longus Marsh 
and D. carmgii Hatcher, about 25 m. long. Upper Jurassic (Morrison 
Formation) ; Colorado and Wyoming. 


Family 6. Titanosauridae.^ 

Much resembling Diplodocidae but six sacral vertebrae, the first caudal vertebra 
convex at each end, the following vertebrae pvcoelous, and pubis not narrowing 
distally. Cretaceous. 

^ Abd^ 0., Die Rekoii.struktion des Diplodocxts. Abh. k. k. Zool.-Botan. Ges. Wien, vol. v., 
pt. 3, p. 1, 1910. — Hatcher i J. B., IHplodocus (Marsh). Mem. Carnegie Miis., vol. i., p. 1, 1901 ; 
also loc. cit.^ vol. ii., p. 72, 1903. — Holland^ W. J., Osteology of tHplodocus Marsh. Mem. 
Carnegie Mus., vol. ii., p. 225, 1906; also Amer. Naturalist, vol. xliv., p. 259, 1910. — Oshom, 
H. F.t Skeleton of Diplodocus. Mem. Amer, Mus. Nat. Hi.st., vol. i., p. 191, 1899. 

^ Nopcsa, F., Supposed Clavicle of the Sauropodous Dinosaur Diplodocus. Proc. Zool. Soc., 
1905, vol. ii., p. 289. 

^ Broom, R., An Opisthocoelian Dinosaur {Algoasaurus hauri) in the Cretaceous of South Africa. 
Geol. Mag. [5], vol. i., p. 445, 1904. — Depiret, C., TitaTwsaurua madagascariensis n. sp. Bull. 
Soc. Geol. France [3], vol. xxiv., p. 192, 1896. — Oihnore, C. IV,, New Sauropod Dinosaur from 
the Ojo Alamo Formation of New Mexico. Smithson. Miscell. Coll., vol. Ixxii., no. 14, 1922. — 
ffuene, F, von, Rekonstruktion von Titanosaurus australis, Eclogae geol. Helvetiae, vol. xx., pi. 
xvi., 1927. — Die Besonderheit der Titanosanrier. Centralbl. f. Min., etc., 1929, p. 493. — Lydekker, 
R., Dinosaurs of Patagonia. Anales Mus. La Plata, Paleont. Argentina, vol. ii., p. 1, 1898. — 
Nopcsa, F., Titanosaurus dacus. Quart. Jouni. Geol, Soc., vol. Ixxix., p. 107, 1923. — Stromer, E., 
AegypUfsaurus. Abhandl. Bay. Akad, Wise., math. -naturw. Abt., n.f., no. 10, 1982.— TAmnm, 
A., Titanosaurus madagascariemis. Ann. Paleont., vol. ii., p. 138, 1907. 
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Tifanosaurns Lydekker. Scapula with only 
small forward expansion at base, a little ex- 
panded distall y; coracoid quadrangular. Small 
neural arch fixed on anterior half of chief caudal 
vertebrae ; a lash of rod-shaped vertebrae at 
end of tail. These are characters of T, australis 
Lyd. from the Upper Cretaceous of Patagonia, 
with femur 70 cm. in length. 3\ indicus Lyd., 
the type species, founded on a caudal vertebra 
from Ui)per Cretaceous (Lameta Beds), India. 



Flo. 4!'l. 

IHplodvcm longus Marsh. Upper .Jurassic; Cafton City, 
Colorado. Skull and nuindible, left lateral and aspects, 

•/fi nat. size (after Marsh). 

Similar vertebrae in Wealden and Upper 
Greensand, Isle of Wight. Other similar verte- 
brae and fragments from Brazil, Madagascar, 
Transylvania, and S. France. 

Argyrosauru}< Lydekker ; Laplatasaurus, 
Jniarciosaurus F. von Huene ; ? Campylodon 
F. von Huene. Patagonia. 

Macriiromurm Seeley. Caudal vertebrae 
from Cambridge Greensand. 

Hypselosaurus Mathth on. F ound with spheri- 
cal egg in Danian (Garumnian) of S. France. 

Aepyosanrm Gervais. Aptian ; S. France. 

Aegyptosaurus^tvomQv. Cenomanian ; Egypt, 

Algoasaurus Broom. S. Africa. 

Alamosaurus Gilmore. New Mexico. 

Teeth of indeterminable Sauropoda have 
been named^^5f?‘0(fow Johnston (Upper Jurassic, 
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Maryland), Caulodou Cope (Upper Jurassic, Colorado), Morinoniurvs Sauvage 
(Kimmeridgian, Boulogne), and Neosodon de la Moiissaye (Portlandian, 
Boulogne). 

B. OBNITHISOHIA.1 

Eedudion of dentition beginning at front end of jaws. Pubis directed forward 
and downward, not meeting its fellow in the middle line ; with a postpidnc process 
inclined backward and downward parallel with the ischium, 

Sub-Order 3. OBTHOPODA. (Vredenlata Mar.di.) 

Herbivorous Dinosaurs, usuallg large, tvith cornpletelg ossified brain-case, little or 
no antorbital vaciiitg in the skull, and toothless predent arg bone in front of the 
mandible. Premaxillae toothless or with small lateral teeth; maxilla and deniarg 
with stout grinding teeth, arranged in one or more functional series, Deniarg 
usuallg with coronoid process. Teeth usuallg corn] tressed or spaiulafe, with serrated 
anterior and posterior cutting edges, but becoming worn down to flattened stumps with 
use. External naves large, placed at front end of the skull. Vertebral centra solid, 
opUthocoelous, amphiplatgan, or sometimes even amphicoelous. Cervical nbs looselg 
articulatejl with their centra. PostpultU slender, of variable length ; iwhium usuallg 
with obturator process. Limb bones solid or hollmv; anterior extremities shorter 
than the hinder pair. Astragalus witfumt ascending process ; hind feet digitigrade 
or secondarilg plantigrade. No abdominal ribs. Dermal armour sometimes absent, 
in other cases sfronglg developed. 

This Sub Order comprises more or less massive herbivorous Dinosaurs, 
some without armour (Ornithopoda Marsh ; Ornithopoidea Nopesa), others 
protected with bony dermal plates (Stegosauria and Ceratopsia Marsh ; Thyreo- 
phoi'oidea Nopesa). The unarmoured forms must have been bipedal in gait, 
but only the earliest of the armoured forms seem to have been bipedal, their 
successors with comparatively heavy armour becoming quadrupedal. They 
are distinguished from the preceding Sub-Orders chiefly by the characters 
of the pelvis, the presence of a toothless predentary bone, and the usually 
toothless premaxillae. According to Nopesa,^ the males and females among 
Orthopoda can often be distinguished by the characters of the skull, fore arm, 
and pelvis. In the male the anterior part of the skull is longer, and the 
posterior part is shorter than in the female, while there are often excrescences ; 
the neural spines of the vertebrae are longer ; the fore arm is longer ; and 
the lower end of the ischium is hammer-shaped for the origin of the retractor 
muscles of the penis. Different specific, or even different generic names 
may thus have been given to the male and female of the same sj ecies. 

The earliest Orthopoda occur in the Upper Triassic of North America, but they 
are known only by fragmentary skeletons (Nanosaurus Marsh, a very small light- 
limbed Dinosaur from Colorado, perhaps also Poposaurus Mehl, from Wyoming) ® 

Romer, A, S., Pelvic Musculature of Ornithischian Dinosaurs. Acta Zoologica, vol. viii., 
p. 225, 1927. 

* Nopesa^ P.f Neues filler Gesclilechtsuiiierscluede bei Orthopoden. Oentralbl. f. Min., etc., 
1918, p. 186. — Sexual Differences in Oruithopodous Dinosaurs. Palaeobiologica, vol. li., p. 187, 
1929. See also Rusadl, L, S,, Proc. Amer. Phil. Soc., vol. Ixix., p. 159, 1930. 

® Broom, R,, Geranosaurus. Ann. S. African Mils., vol. vii., p. 806, 1911. — fftiene, F, von, 
and LvU, R. S., Neu>)esclireibung des Originals von Nanosaurus agilis Marsh. Neues Jahrb. f. 
Min., etc., 1908, vol. i., p. 134. — Mehl, M, O,, P<gpomurus gracilis. Joum. Geob, vol. xxiii., p. 
516, 1915. — Nopesa, F., Zur systematiscbeii Stelluiig von Poposaurus (Mehl). Centralbl. f. Min., 
etc., 1921, p. 348. 
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or by footprints {Anomoeopus Hitchcock, perhaps also Euhronies Hitch, and 
Otozoum Hitch., from Massachusetts, Connecticut, and New Jersey). A small 
Orthopod lower jaw {Geranonaurm Broom) is also known from the Upper 
Triassic or Rhaetic Stormberg Beds of Barkly Pass, South Africa. Footprints 
(Rigalites F. von Huene) from the Rhaetic of Iscliigualasto, N.W. Argentina, 
may belong to an armoured Orthopod.^ 


Family 1. Hypsilophodontidae.2 

ProhahUf arboreal. Teeth with enamel reduced on one side ) only one row in 
use. Premaxilla with teeth. Cervical vertebrae more or less opisthocoelous ; five 
sacral vertebrae. Limb hones with large inner cavity. Manus with five digits; 
HI %vith four phalanges ; iv and v reduced. Postpubis as long as ischium. Hind 
foot with four complete digits and rudiment of metatarsal v. Dermal armour 
riulinientary or absent. Upper Jurassic and Cretaceous. 

This and the next family are grouped by Nopcsa as Kalodontidae. 

Hypsilophodon Huxley. Each prcmaxilla with five lateral teeth, perhaps 
toothless in front. Predentary known to be toothless. Enamelled face of 
tooth with few ridges which end in serrated margin. Ossified tendons across 
dorsal and caudal neural spines. Pubis not expanded distally. Femur 
shorter than tibia. Ungual phalanges slender, curved, and pointed. Accord- 
ing to Nopcsa without sclerotic plates, but with traces of few bony plates 
in skin. H. foxi Huxley, known by nearly complete skeletons about 1-5 m. 
long, with skull 10 to 15 cm. long. Wealden ; Isle of Wight. 

ThescAosaurus Gilmore. Four phalanges definitely known in digit ill of 
manus. Femur longer than tibia. T. neglectiis Gilm., about 3 m. long. Upper 
Cretaceous (Laramie or Lance Formation) ; Wyoming, S. Dakota, Montana, 
and Saskatchewan. T. warreni Parks. Upper Cretaceous (Edmonton Forma- 
tion) ; Alberta, Canada. 

The following genera seem to belong to this family, but their premaxillae 
are still unknown : 

Laosaurus Marsh. Pubis weak and tapering. Femur about as long as 
tibia. Upper Jurassic (Morrison Formation) ; Wyoming and Colorado. 

Dryosaurus Marsh. Upper Jurassic; Wyoming and Colorado. 

Stenopelix H. von Meyer. Wealden; N. Germany. 

Dysalotosaurus Pom peck j. Orbits very large. Nine cervical and sixteen 
dorsal vertebrae, of which the last is closely united with the four true sacral 
vertebrae. Femur shorter than tibia. Small first digit of hind foot turned 
backwards. The type species not much larger than a cat. Kimmeridgian ; 
Tendaguru, Tanganyika Territory. 

^ iTwene, t>on, Die fossilen Palirten im Rhat von Ischigualasto. Palaeobiologic.a, vol. iv., 
p. 99, 1931. 

® Gilmore^ C, IF., Osteology of Thescelosaurus, Proc. U.S. Nat. Mas., vol. xlix., p. 591, 1915. 
— HtUke, J, W,f Osteology of HypsUophodon foxii, Phil. Trans. Roy. Soc., vol. clxxiii,, p. 1036, 
1882. — Koken^ E.y Dinosaurier, etc., norddeutschen Wealden Palaeout. Abhandl., 

vol. iii., p. 309, 1887.— F.^ HypsUophodon. Geol. Mag. [5], vol. ii., p. 203, 1905. 
— Parks^ W, A., Thescelosaurus warreni. Uiiiv. Toronto Studies, Geol. Ser., no. 21, 1926. — 
Pompeckjf J, F., Dymlotosaurue, Sitzungsb. Ges. naturf. Frennde, Berlin, 1920, j>. 120 ; also 
Palaeont. ZeitscUr., vol. iv„ p. 88, 1922. 
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Family 2. Iguanodontidae.' 

Bipedal, amphibious and terrestrkiL Long as w of skull set at right angles 
to the neck; ani orbital racuitf/ small; premaxilla toothless; mamiibular cmonoid 
process stronghf developed. Teeth mth enamel reduced on one side ; ordy one row in 
use. Cervical and anterior dorsal vertebrae ojnsthocoelous ; four to six sacral 
vertebrae. Fore limbs only about half as long as the hinder pair ; manus with five 
digits; III with three phalanges; iv and 

V reduced. Hind foot with three functional 
digits which are hoofed ; i reduced or absent ; 

V absent. Dermal armour absent. Upper 
Jurassic and Cretaceous. 

Iguanodon Mantell (Figs. 492-494). 

Skull (Fig. 493) laterally compressed, 
with large, nearly terminal nostrils, and 
small antorbital vacuity. Orbit deeper 
than wide, smaller than the irregularly 
triangular or elon- 
gated lateral tem- 
poral vacuity. Supra- 
ternporal vacuities 
of moderate size, 
separated by the 
narrow pari eta Is, 
which meet in a ^ 
sharp median crest. 

Two small supra- 
orbital bones abc 
the eye, but no sclero- fk .. 402. 

tic ring. Frontals Igmtmdnn IjemimirtensU Houleiijier. Wealden ; Bernisaart, Coiii- 

_ 1* 1 plt-b* skeleton, ro, coraeoijl ; is, isc-hium ; p, jmbis ; pp, {foatpnbic [iroceau ; sv, 

nattened and appar- scapula; dip ts. i/<» nat* (after l>ollo). 

ently fused ; nasals 

elongated. Mandibular suspensorium nearly vertical ; articular portion of 
the quadrate at the base of an unusually deep pedicle. Jugal bounding 
the orbit and the lateral temporal vacuity iiiferiorly ; quadrato-jugal very 
small ; lachrymal small. Premaxilla with sharp margin originally sheathed 
with horn. Maxilla and dentary with numerous closely-set teeth in a single 
row ; the teeth (Fig. 494) when unworn are spatulate, loosely socketed, and 
with serrated margins ; successional teeth well formed below those of the 

' Andrews, O. W,, Brain-cavity of Iguanodon, Ann. Mag. Nat. Hist. [6], vol. xix., p. 585, 
IS97.— Bertrand, 0. K, Les Coprolithes de Bernisf'art. M(!‘ni. Mas, Roy. Hist. Nat. Belg., vol. 
i., p. 1, 1903. — hollo, L., Dinosauriens de Bemissart. Bull. Mus. Roy. Hist. Nat. Belg., vol. i., 
pp. 161, 205, 1882 ; loe, cit., vol. ii., pp. 85, 223, 1883 ; loc, cit,, vol. iii., p, 129, 1884. — Craape- 
dudon. Loc, cit,, vol. ii., p. 215, 1883. — Les Allures des Iguanodons. Bull. Scf. France Belg., vol. 
xl., p. i., 1905. — Le Centenaire des Iguanodons (1822-1922). Phil. Trans, Roy, Soc., vol. ccxii. B, 
p. 67, 1923. — GUinore, C. W., Osteology of CampUtsaunut. Proc. U.S. Nat. Mus., vol. xzxvi., p. 
197, 1909 ; also loc. cit., vol. xli., p. 687, 1912, — Uaughton, S. 11,, Dinosaur Remains from Bush- 
manland. Trans. Roy. Soc. S. Africa, vol. v., p. 259, 1915. — Jlooley, R. W., Skeleton of 
Iguanodon aiherfieldensis sp. nov. Quart. Jouni. Geol. Soc., vol. Ixxxi., p. 1, 1925, — N(^i)csa,F,, 
Dinosaurierreste aus Siebeiil)iirgen. Denkschr. k. Akad. Wiss, Wien, math.-naturw. Cl., vol. Ixxii., 
p. 1, 1902; also loc. cit., vol. Ixxiv., p. 1, 1904. — Wirbelsaule von Rhabdvdon und Orthomerua, 
Palaeont. Hungarica, vol. i., p. 273, 1928. — Neues fiber Gescblechtsunterscbiede bei Orthopoden. 
Oentralbl. f. Min., etc., 1918, p. 186. 
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functional row. Mandibular ramus composed of six pieces, and with slender 
coronoid process. There are ten cervical, eighteen dorso-lurabar, four to six 


Pmx 


Pd 


Fio/4‘a 

FgnaufKlon Itoult'iinof. Woaldon : n<‘Miis.sart, nt'Ij'iiim. Sknll and mrmdibl'-*, left lateral as]>ect. 

orbit ; aW, .Hitic.ulur ; d, dentary ; Fr, frontal; ,/a, postfrontal; La, lachrymal; maxilla; .V, external 
noHtiil ; A'a, nasal; I‘a, parietal; /'»/, predentary ; Pmx, preinaxilla; 1’t.J, postfrontal; Qu, quadrate; yaJ, 
portion of tin* bom* much broken jiiid amall qna<lT*ato-jnt;ftl l«*tween it and the quadrate; S, lateral 

teniponil vacuity ; AV/, s(|uaniosal ; j, y, supraorbitals (V). l/s size (after liollo). 

sacral, and forty to fifty caudal vertebrae. All the presacral vertebrae except 
the atlas bear ribs, as do also the thirteen anterior caudals. Ossified tendons 

usually occur along the neural spines 
of the back and tail. Scapula very 
long and slender ; coracoid small 
and rounded, notched or perforate 
at its articular border ; a pair of 
triangular sternal bones. In the 
hand the pollex is reduced to a 
single spur-like phalanx ; the other 
digits having a formula of 3, 3, 3, 4. 
Ilium greatly extended both in front 
of and behind the acetabulum. Post- 
pubic process slender and rod-like, 
shorter than the ischium. Femur 
scarcely longer than the tibia, and 
with prominent pendent inner 
(fourth) trochanter. This, accord- 
ing to Dollo, is distinct from the 
third trochanter of mammals, and 
indicates a powerful caudo-femoral 
musculature, as in birds. Metatarsal l rudimentary, v wanting ; the three 
ungual phalanges broad and hoof-shaped ; phalangeal formula of pes, 0, 3, 4, 
5, 0. Skin covered with small polygonal epidermal plates, of which some 
in scattered groups are larger than the others.^ 

* Hooleyy R. VV., Integument of Igtianodon Hrnismrtmsu and Morosaiirm becklesii. Geol. 
Mag. [6], vol. iv., p. 148, 1917. — Rcis^ 0, if., Das Hautskelett von Igtianodon. Ceiitralbl. f, 
Min., etc., 1922, p. 85. 




Fm. 494. 

Iguanodon mantelli Owen. Wealden ; Isle of Wight. 
Inner (i4), and poHterior (71) aspects of mandibular tooth. 
Nat. size (afU?r Mant«ll). 
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Iguanodon is known by numerous complete skeletons (Fig. 492) from the 
Wealden of Bernissart, near Mens, Belgium, as many as twenty-three being 
exhibited in the Brussels Museum. A nearly complete skeleton of 1 . 
atherfieldemis Hooley is also known from the Wealden of the Isle of Wight. 
Fragmentary remains occur abundantly in the English AVealden, Lower 
Greensand, and Purbeckian. The typical species, L manielli Owen, from the 
Wealden and Lower Greensand of England, attains a total length of 6 m., 
and /. hernissartensis Boulenger (=/. seelyi Hulke) is between 8 and 10 m. 
long. These are regarded by Nopesa as probably the male and female of 
the same species. As proved by its three-toed footmarks {Struthiopus 
Ballerstedt), Iguarwdon walked on its hind feet in a kangaroo-like attitude, 
thus leaving the hands free for prehension. 

Vectisawrus Hulke; Spheiwspomlylus Seeley. Wealden; Isle of Wight. 

Craspedodon Dollo. Tooth from Upper Cretaceous, Lonz^e, Belgium. 
Also Iguanodon hilli Newton, from Totternhoe Stone, Hitchin, Herts. 

llhahdodon Matheron {MocModon Seeley). Upper Cretaceous ; S. France, 
Austria, and Hungary. 

Anoplosanrus Seeley. Cambridge Greensand. 

Kangnasaiiras Haughton. Cretaceous ; Bushnianland, Cape Province, 
S. Africa. 

Cryptodraco Lydekker (Cryplosaurus Seeley nec Geoffrey). Femur from 
English Oxford Clay. 

Ca?nptosaurus Marsh (Campionotus Marsh nec Uhl ; ? Cumnoria Seeley). 
The phalangeal formula of the hand is 2, 3, 3, 3, 2, the first three digits 
bearing pointed claws, the others relatively small and blunt. Postpubis as 
long as ischium. Femur curved, longer than tibia. Hind foot with four 
complete digits, but the first comparatively small and short ; V represented 
by the base of the metatarsal. C, dispar Marsh, C. hronm Gilmore, and other 
species known by skeletons from 6 ra. to 10 m. in length, from Upper Jurassic 
(Morrison Formation), Wyoming. Isolated bones and one imperfect skeleton 
(Cumnoria prestwicM Hulke sp.) from the Oxford and Kimmeridge Clays of 
England and France, and from the English Wealden, have also been referred 
to this genus. 

Family 3. Trachodontidae.^ {Hadrosauridae Cope.) 

Bipedal^ amphibious and aquatic. As Iguanodontidae, but teeth moi'e numerous 
and more than one row in use ; snout depessed and laterally expanded; a ring of 

' Ahdf 0., Neue Rekonstruktion von Trachodon. Palaeoiit. Zeitschr., vol. iv., p. 134, 1922. — 
Beecher^ G. Reconstruction of Glfwsaurm annedens Marsii. Trans. Connecticut Acad. Sci., 
vol. xi., p. 311, 1902. — Brown^ A, A Crested Dinosaur from tlie Edmonton Cretaceous [«Sawro- 
lophus]. Bull. Amer. Mus. Nat. Hist., vol. xxxut art. xiv., 1912 ; also loc. cit.y vol. xxxii., art. 
xix., 1913. — Hypacrosaurus^ from the Edmonton Cretaceous of Alberta. Loc, cit,, vol. xxxii., 
art. XX., 1913. — Corythosaurua casuariuSf a new Crested Dinosaur from the Belly River Cretaceous, 
with provisional Classification of the Family Trachodontidae. Loc. cii.^ vol. xxxiii., art. xxxv., 
1914; also loc. cU.^ vol, xxxv., art. xxxviii., 1916. — Promurolophus miximus. Loe. cit., vol. 
XXXV., art. xxxvii., 1916. — Gilmore, V. W., New Species of GoryOiosaurus, etc. Canadian Field- 
Naturalist, vol. xxxvii,, p. 46, 192^ — New Species of Hadrosaurian Dinosaur from the Edmonton 
Formation [Thespesius edmontoni]. Canada Dept. Mines, Geol. Snrv. Bull. no. 38, p. 13, 1924. — 
Genus SUphanoaaurtts, with a Description of the Type Specimen of Lambeomurus lambei Parks, 
Loc. cit., p. 29, 1924. — Hypacroamrus, Loc. cit., p. 49, 1924, — Hatcher, J. B., Genera and 
Species of the Traehodontidae {Hadr0.aauridae, Glaoawwridac) Marsh. Ami. Carnegie Mas., vol, i., 
p. 377, 1902. — Kr&ued, R., Die Nahrung von Trachodon. Palaeont. Zeitschr., vol. iv., p. 80, 
1922.— L. M., Manus of Traefiodon, Ottawa Naturalist, vd. xxvii., p. 21, 1913. — Grypo* 
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•sclerotic plates ; first digit of manus absent ; longer sacrum and powerful hind limbs 
adapted for swimming. Upper Cretaceous. 

Orthoinerus Seeley (Limnosaurns Nopcsa nec Marsh ; Telmatosaurus Nopcsa ; 
Ilecatosaurus B. Brown). A primitive Trachodont with comparatively short 
antorbital region and premaxillae, no antorbital vacuity, and teeth not com- 
pressed antero-posteriorly but in the linguo-labial direction. Jngal narrow. 
Twelve cervical vertebrae, wider than deep, without neural spines. 0. dolloi 
Seeley, a femur 50 cm. long and tibia 27 cm. long. Danian ; Maastricht, 
Holland. 0, iransylvanicus Nopcsa, with skull 40 cm. long, known by many 
parts of skeleton. Danian ; Transylvania. 

Tanius Wiman. Top of skull flat. Jugal narrow. Humerus little shorter 
than forearm. T, sinensis Wiman, with femur 1 m. long. Upper Cretaceous ; 
Shantung, China. 

Syngonosaurus Seeley. Cambridge Greensand. 

Mandschurosaurus Kiabinin. lielated both to Kritosaurus and to Orthonurus. 
M, amurensis Riab., known by large part of skeleton, with femur 1 m. long. 
Upper Senonian ; Amur River, Siberia. 

Kriiosaurws B. Brown. Ojo Alamo Formation ; New Mexico. Belly River 
Formation ; Alberta, Canada. 

Gryposaums Lambe. Antorbital region of skull comparatively short and 
upper part of nasal bones raised into a rounded boss. Orbit smaller than 
lateral temporal vacuity. Belly River Formation ; Alberta, Canada. 

Ednioniosaurus Lambe. Skull high and broad behind, but without crest ; 
orbit much larger than lateral temporal vacuity ; premaxilla not extending 
back so far as orbit ; no antorbital vacuity. Sacrum with nine vertebrae. 
E, regalis Lambe, about 10 m. long, with skull over 1 m. long. Edmonton 
Formation ; Red Deer River, Alberta. 

Hypacrosaurus B. Brown, Edmonton Formation ; Alberta and Montana. 

Claosaurus Marsh. Niobrara Formation ; Kansas. The so-called C, annec- 
tens Marsh belongs to Trachodan, 

Trachodon Leidy {Iladrosauriis, Thespesius Leidy ; Cionodon^ Pteropelyx^ 
Diclonius Cope ; Didaiwdon Osborn) (Figs. 495-497). Skull elongated, more 
depressed than in the preceding genera, with large antorbital vacuity, 
and long and narrow temporal vacuities. No supraorbital crest. Teeth 
antero-posteriorly compressed, crenulated on the sharp edge, with a median 
vertical ridge on the enamelled face (Fig. 496) ; closely arranged in an 
alveolar groove opening inwardly, with numerous successional teeth (Fig. 497). 

saurus notahUis . . . with a Description of the Skull of Ckasirwmurus belli, Loc, cit,^ vol. xxvii., 
p. 145, 1914. — Chetieosaurus Udmanensu, Loc., cU,, vol. xxx., p. 117, 1917. — Genus Trachodon 
of Leidy. Loc, cU., vol. xxxii., p. 135, 1918. — /Cdmontosaurus. Loc, city vol. xxxi., p. 65, 
1917. — The Hadrosaur ISdmontosarirus from the Upper Cretaceous of Alberta. Canada Dept. 
Mines, Geol. Surv. Mein. 120, 1920. — Nopcsay F,y Dinosaurier aus Siebenbiirgen. Denkschr. k. 
Akad. Wlss. Wien, math. -naturw. Cl., vol. Ixviii. p. 1, 1899. — Wirbelsaule von Jihabdodon und 
Orthomerua, Palaeoutologia Hungarica, vol. i., p. 287, 1928. — Oaboriiy H, F,y Integument of Trachodon, 
Mem. Amer. Mus. Nat. Hist., n.s., vol. i., p. 33,1912. — ParkSy ir. .4., Kritosaurus incurvinianus, 
Univ. Toronto Studies, Geol. Ser. no. 11, 1921. — Parasaurolophus walkeri, Loc, cit, no. 13, 
1922. — Oorythosaurua intermedius. Loc. city no. 15, 1923. — Tetragomsaiirus, Loc, city no. 31, 
1982. — RMintUy A,y Skeleton of Trachodon amurense. Bull. Coniite G^ol., Leningrad, vol. xliv., 
p, 1, 1925. — Mandschuromurus amurensis nov. gen. nov. gp., a Hadrosaurian Dinosaur from the 
Upper Cretaceous of Amur River. M4m. Soc. Paleont. Russie, no, 11, 1930 . — Versluysy Die 
Elaubeweguugen von Palaeont. Zeitschr., vol. iv., p. 80, 1922. — Wirnany C.y Taniits, 

Palaeont. Sinica, ser. o, vol. vl, p. 41, 1929. — Parasaurolophus tubicen n. sp. aus der Kreide 
in New Mexico. Nova Aota R. Soc. Set. Upsala, scr. 4, vol. vU., no. 5, 1931. 
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About twelve cervical, eighteen dorsal, nine sacral, and sixty caudal vertebrae. 
Humerus shorter than ulna, which has an olecranon process ; phalangeal 



Fr<;. 45»5. 


Travhodon viirabilis Lfidy. Superior an<l lateral aspects uf skull .'uiii mandible. lJp]>ermo8t Cictaceous 
(Laramie Formation) ; Dakota. A, orbit; antj, uuKular ; art, articular ; Fr, frontal ; Ju, jut'al ; La, lachrymal ; 
Mx, maxilla ; N, antorbital vacuity ; .Vo, nasal ; 1% parietal ; /'m/, preniaxilla ; / Vti, prederitary ; I'rj, prefrontal ; 
Pt/, postfroritfil ; Qu, fiuaclrate ; QJ, tiuudrato-jugal ; S, lateral teniporul vacuity ; S', supratemporal vacuity ; So, 
supraoiicipiUl ; Stj, .squamosal, i/i-j nat. size (after Cope). 


formula of manus either 3, 3, 3, 3 or 3, 3, 2, 2, the terminal phalange blunt. 
Postpubis very small and short ; ischium not expanded at distal end : femur 


A B C 



Flo. 4%. 


Traxihodon foulki Leldy sp. Inner (A), outer (L), 
and (C) lateral aepecta of mandibular tooth, some- 
what worn. Upper Cretaceoua; New Jersey. Nat. 
size (after Leidy). 


A 



Fio. 497. 

Trachodon hreviceps Marsh ap. A, Inner, and jB, 
Superior aapect of functional and aucceasional teeth 
of dentary. Upper Cretaceoua ; Montana, nat. 
aize (after Marab). 


longer than tibia ; no rudiments of digits i, v. Skin covered with rounded 
or irregularly polygonal epidermal scales, sometimes enlarged and arranged in 
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rosettes ; these eihdermal scales also strengthening a segmented median crest 
on the neck and back. T. mirahilu Leidy, the type species founded on teeth 
from the Judith River, Montana. T. annectens Marsh sp., known by a nearly 
complete skeleton about 9 m. long, and also by a fossilised mummy showing 
impressions of the skin, from the Laramie Formation of Converse Co., 
Wyoming. Other species from western North America, New Jersey, North 
Carolina, and Georgia. 2\ cantahrigiensis Lydekker, a tooth from the Cam- 
bridge Greensand. 

Satirolo^ihus B. Brown. Skull deep behind, with a horn-like median crest 
above the eye, formed by the frontals, prefrontals, and nasals. Ischium stout, 
with a triangular expansion at the distal end. Eight sacral vertebrae. 
S. oshorni B. Brown, known by greater part of skeleton about 10 m. long. 
Edmonton Formation ; Red Deer River, Alberta, Canada. 



Fl(s. 4*.>8. 

Corythuddurus rasunrius U. Brown. Skeleton. Ui>]>er Cretaceous ; All)erta,xCaTia<lu. 
m. loiij; In matrix (after Jl. Blown). 


Pro.^aurolo'jihm B. Brown. With incipient supraorbital crest. Distal end 
of ischium not expanded. Belly River Formation ; Alberta. 

Paramurolophiis Parks ; Tetragonosaurus Parks. Belly River Formation ; 
Alberta. Parasaurolophus also in New Mexico. 

Corj/thosaurus B. Brown (Fig. 498). A laterally compressed, hollow, 
rounded crest formed by the backward extension of the premaxillae and nasals 
above the brain-case ; the internal hollow' continuous with the nasal cavity, 
according to Lambe. Narial openings small. Fifteen cervical, nineteen dorsal, 
and eight sacral vertebrae. Epidermal plates as in 'Prachodvn ; longitudinal 
rows of large conical limpet-shaped plates at intervals on the lower surface. 
C, casuariua B. Brown, about 10 m. long. Belly River Formation ; Alberta. 

Siephanosaurm Lambe iJLamheoiiaurus Parks). Belly River Formation ; 
Alberta. 

Oheneosaurus Lambe. Low dome-shaped prominence above and between 
the eyes. Edmonton Formation ; Alberta. 

Wtm(hoiarm% PnewnatoarthruSy ClaorhyTichwf, Hypdbetm Cope. Procheneo- 
saurus Matthew. North America. 

According to Nopcsa, Parasamrolophm must be regarded as the male of 
KritosauruSy Saurolophus the male of Prosaurohphvuiy and Corythosaw'wi the male 
of Diclonkts (see p. 394). L. S. Russell remarks that the supposed male and 
female do not always occur on the same horizon. 
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Family 4. Psittacosauridae.^ 

Bipedal. Skull .short and deep^ broad behind^ much laterally comp7'e.ssed at the 
toothle.s.s beak ; large orbit with ring of .sclerotic plates ; no antorbital vacuity ; naiial 
openings srnalf above deepened maxilla. Crown of teeth completely e^iamelled^ com- 
pre.s.sed to a sharp edge with a bluni apex; few, only one row in use. Neck short, 
only .six cervical vertebrae ; five or .six .sacr al verteh'ae. Manus reduced by loss of 
digit V; ill with four jdialanges. Pubis and postpubis .short and slender; ischium 
without obturator process. Hind foot with four complete digits and rudiment of 
metatarsal v. Dermal armour doubtful. Lower Cretaceous. 

Psiltacosaurus Osborn (Fig. 499). Teeth smooth, not serrated, with a rounded 
vertical ridge in the middle of the concave face ; about nine in the row in 



Psitfacoifaurns mongniietms Oiihorn. Lower Cretaceous ; Mongolia. Much reduced (after OslxDrn). 


both maxilla and dentary. Fifteen or sixteen dorsal vertebrae. Small clavicles 
identified by Osborn (not yet described). Femur shorter than tibia ; hind 
foot functionally tridactyl, digit I being short. Ungual phalanges pointed. 
P, mongoliends Osborn, known by greater part of skeleton, about 1-5 m. long. 
Oshih Formation ; Artsa Bogdo, Mongolia. 

Proiiguanodon Osborn, essentially similar. Ondai Sair Formation ; Mon- 
golia. 

Family 5. Ste^TOSauridae. {Scelidosauridae Huxley.)* 

Skull small and elongated, without antorbital vacuity ; mricd openings large and 
far forwards; jyremaxiUae toothless. Teeth small, with a completely enamelled 

^ Osborn, H. F., Two Lower Cretaceous Dinosaurs of Mongolia. Amer. Mua. Novit., no. 95, 
19*23. — P.nttaco8auru8 and ProtiguaTwdon. Loc. cit., no. 127, 1924, 

^ Otlmore, 0. IT., Osteology of the Armored Dinosanria . . . Genus Stegoaaurm. U.S. Nat. 
Mus., Bull. 89, 1914 ; also Proc. U.S. Nat. Mus., vol, xUx., p. 355, 1915, and vol. llv., p. 388, 
1918. — Hennig,^E., Kentrurosaurua oMiopicus. Palaeontographica, Suppl. vii, p. 101, 1926.— 
Huene, F. von, Uber deualtesten Best von Omosmrus (DacerUrurus), Neues Jahrb* f. Min., etc., 
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croivtiy which is lateralh/ comprensed to a sharp crenulaied edge^ from which proceed 
vertical striations ; mie row in use. Verteh'oe amphicoelom (rr amphiphtyan ; four 
or Jive sacral vertebrae. Fore limbs much smaller than the hinder pair ; manus with 
jive short stout digits. Postpubis stout and about as long as the uchium^ which lacks 
an obturator procj>,ss ; hind feet plantigrade, tri- or penta-dactyl, with short, hoof like, 
ungual phalanges. Exoskeleton strongly developed, consisting of series of dermal 
plates and spines. Jurassic. 

Stegosaurus Marsh (Figs. 500-502). Skull (Fig. 501) narrow and depressed, 
relatively very small, and brain cavity in proportion to size of the body more 
diminutive than in any other land vertebrate. Orbits small, laterally directed, 
with two supraorbital bones ; supratemporal vacuities small and rounded ; 



nasals nearly half as long as the skull. Mandibular ramus deep, without 
coronoid process. Teeth over twenty in the row in each maxilla and dentary. 
Cervical vertebrae with short ribs, and dorsals wdth much elevated neural 
arches, on which the stout dorsal ribs are borne. Sacrum of four fused 
vertebrae, sometimes with one or more lumbars added on in front ; their 
neural canal enlarged to twenty times the capacity of brain cavity (Fig. 502). 
Anterior caudal vertebrae the largest in the column, and with strong chevron 
bones. Vertebrae and limb bones solid. Fore limb short and stout, ulna 
with large olecranon process. Femur large and straight, without inner or 
fourth trochanter ; tibia and fibula much shorter. Astragalus and calcaneum 

1910, vol. !., p. 76. — Hulke, J. W., Omosaurus (turoh'ivensis. Quart. Jouni. Geol. Soc., vol. xliii., 
p. 699, 1887. [Plates here described lieloug to the fish Leedsta.] — Janemch^ W.^ Eiii auf'gestelltes 
Skelett des Stegosauriers Kentrurosaurus. Palaeoutographica, Suppl. vii., p. 267, 1926. — Ltdl, 
R. S,, Armor of Stegosaurus. Amer. Jonrn. Sci. [4], vol. xxix., p. 201, 1910. — Stegosaurus 
vngulatus Marsh. Loc. cit., vol. xxx., p. 361, 1910.— Lgdekker, if., Jaw of a New Carnivorous 
Dinosaur [Sarcolestes]. Quart. Joum. Geol. Soc., vol. xlix., p. 284, 1893. — MaJtley, C. A., 
Armoured Dinosaur fioin the Laineta Beds. Rec. Geol. Siirv. India, vol. Iv., p. 105, 1928. — 
Nopesot F., Stegosaurus priscus, sp. nov. Geol. Mag. [6], vol. viii., pp. 109, 146, 1911. — Omo- 
saurus lennierL Bull. Soc. G^ol. Normandie, vol. xxx., p, 1, 1911. — Otren, R,, Reptilia of the 
biassic Formation. Mon. Palaeont. Soc., pt. i., p. 1, pt. ii., p. 1, 1861, 1863 [^eltdosanrus }. — 
Reptilia of Mesozoic Formations. Loe. dt., pp. 45, 95, 1875. 
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fused with tibia and fibula ; pes tridactyl, digit iv rudimentary, and V want- 




Fio. 501. 

Steyomurus steKops Marsh. Superior and lateral aspects of skull and mandible. Upper Jurassic ; Colorado. 

Vr> size (after Marsli). 


ing. Dermal armour consisting of two rows of erect flattened bony plates 
A extending from the back of the head 





Pio. 502. 


Stegosaurus ungtUatus Marsh. A, Gutta-percha cast 
of neural canal in sacram, dorsal aspect, 1 / 4 - 
Same of brain cavity. Upper Jurassic; Colorado. 
a, anterior end ; c, cerebral hemispheres ; cb, cere- 
bellum ; /, racuitievS between transverse processes 
of sacrum ; m, medulla oblongata ; ol, olfactory lobe ; 
opf optic lobe ; p, posterior end. 1/4 nat. size (after 
Marsh). 

fused with proximal tarsals. Hind 


well down the tail, the largest plates 
situated immediately over the pelvis. 
Four spines near end of tail ; throat 
protected by a shield of irregular 
ossicles. S. armiiu.% ungulatus Marsh, 
and other species, known by nearly 
comj>lete skeletons 4 to 9 m. long, 
from the Upper Jurassic (Morrison 
Beds) of Wyoming and Colorado. 
S. priscus No})csa, S. (lurobrivensis Hulke 
gp. Oxford Clay; Peterborough. 

IHracodon Marsh. Probably young 
of StegosauruA. Upper Jurassic (Morri- 
son Beds) ; Wyoming. 

ScelidosauriiA Owen. Dentary with 
coronoid process. Teeth with triangular 
or spatulate crowns, coarsely serrated 
on the margins. All the centra amphi- 
coelous, some with an internal cavity, 
and the neural canal not expanded. 
There are six or seven cervicals, sixteen 
dorsals, one lumbar, four sacrals, and 
about forty caudals. Femur, tibia, 
and fibula hollow, the two latter some- 
what shorter than the femur and not 
foot functionally tridactyl, the hallux 
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reduced, and digit V wanting ; phalangeal formula 2, 3, 4, 5, 0. Dermal 
armour of longitudinal series of small tubercles and triangular or conical 
scutes covering the back and tail. S. hanisoni Owen, with skull 25 cm. long, 
attains a length of 4 m. Lower Lias ; England. 

Oniosaurus Owen (l)acentrurus Lucas). Imperfectly known, closely resem- 
bling Stegosaur ii.% but ilium not so much elongated anteriorly and rapidly 
deepening backwards, sacrum with live vertebrae, and neural arches of dorsal 
vertebrae less elevated. 0, armatus Owen, with ratio between humerus and 
femur 4 : 5. Kirnineridge Clay ; Wiltshire. 0, lenineri Nopesa. Upper 
Kirameridgian ; Cap de la Heve, Normandy. Femur from Great Oolite, 
Enslow Bridge, Oxford (0. vetustus v. lluene). 

Kentrnrosanrus llennig. Much resembling Stegosaurus, but neural spines 
of hinder caudal vertebrae inclined forwards. K. aethiopicus Hennig, nearly 
5 m. long. Upper Jurassic ; Tendaguru, Tanganyika Territory. 

Craferosaurus Seeley. Fragment of neural arch of vertebra from Neocomian, 
Potton, Bedfordshire (F. Nopesa, Geol. Mag., 1912, p. 481). 

Pricoimkm Marsh. Detached teeth from the supposed Upper Jurassic 
of Maryland. 

Erhinodon Owen. Purbcckian ; England. Imj)erfectly known. 

^ Sarcolesfes Lydekker. Lower jaw from Oxford Clay, Peterboi ough. 


Family 6. Acanthopholidae.^ (Psullsauridae Lambe.) 

Skull small, its long axis at right angles to the rapidhj attenuated neck ; superior 
temporal vacuities reduced ; quadrate unusiiallg feeble, inclined forwards. No median 
nuchal plates, hut paired hong plates or spines along the hack, and fat hong plates 07 i 
the tail. Cretaceous. 

Acanthopholis Huxley. Dentary without coronoid process ; lancet-shaped 
teeth with deep serrations. Cervical vertebrae with flat ends ; cross-section of 
middle and posterior caudals octagonal and hexagonal. Dermal armour of 
subcircular or oval keeled plates, and of spines which are constricted above 
the base. A. horridus Huxley, probably 3 to 4 m. long. Lower Chalk and 
Cambridge Greensand ; England. 

Ilylaeosaurus Mantell. Wealden ; Sussex and Isle of Wight. The lower 
jaw named Regnmwurus Mantell is referred to this genus by Owen. 

Stegoceras Lambe. Skull triangular, ending broadly and squarely behind 
where the roof overhangs the occiput; parietals and frontals codssified and 
thickened into a rounded boss, which is marked with pittings. S, validus and 
brevis Ijambe. Upper Cretaceous (Belly River Formation) ; Red Deer River, 
Alberta, Canada. Probably identical with Troodon Leidy, founded on teeth 
from the Judith River Formation, Montana. 

Struthiosaurns Bunzel (Crataeomm, Pleiiropeltus Seeley ; Danuhiosaurus 
Bunzel ; Leipsamsaurus Nopesa). Skull less thickened and occiput less 

' Oil 7 nore, C. W., Troodmi valid, us. Univ. Alberta, Dept. Geol. Bull., no. 1, 1924. — New 
Species of Troodont Dinosaur from the Lance Formation of Wyoming. Pioc. U.S. Nat. Mus., 
vol. Ixxix., art. 9, 1931, — Lamhe, L. M., Stegoceras. Trans. Roy. Soc. Canada [3], vol. xii., 
sect, iv., p. 23, 1918. — Nopesa, F., Leipaanosaurtis, Foldtani Kozlbiiy {Budapest), vol. xlviii., 
p. 824, 1918. — Acanthopholis. Geol. Mag., vol. l.\., p. 193, 1923. — DinoaaurietTeste aus 
Siebenbiirgen. V. Geol. Hungarica, Ser. Palaeoiit., fasc. 4, 1929 [Struthiosanrus, Rhodanosaurus], — 
TroOdon, Ann. Mag, Nat. Hist., [10], vol. viii., p. 70, 1931 (see also Russell, L,S., loc. ciL, vol. ix., 
p. 384, 1932). 



406 REPTILIA class m 

overhanging than in Sfegoceras, Turonian ; Gosau, Lower Austria. Danian ; 
Transylvania, 

Bhodanosaurus Nopcsa. Upper Cretaceous ; Provence, S. France. 

Family 7. Nodosauridfiie.^ {Ankylosauridae B. Brown). 

Quadrupedal and armadillo-shaped. Skull relatively larger than in Acantho- 
pholidae and covered with numerous dermal bony plates ; its long axis not at right 
angles to the short neck. Dentition much reiiuced. Armour of median nuchal and 
dorsal bony plates, and numerous paired bony spines or plates. Cretaceous. 

Ankylosaurus B. Brown (Stereocephalus, Euoplocephalus Lambe). Skull massive 
and triangular; teeth as in Sfego.'aurus. Vertebrae with flat ends, posterior 
ribs coossified with vertebrae ; neural spines and parapophyses low. All 
keeled dermal plates low, some fused into a shield. Fore limbs relatively 
short. A. magnwentru Brown, known by greater part of skeleton from 
4 to 5 m. long, with trunk over 1*5 m. broad. Upper Cretaceous; Montana. 
Other species in Alberta, Canada. 

Palaeoscincus Leidy. Upper Cretaceous ; Montana and Wyoming, 

? I\ africanus Broom. Jaw from Lower Cretaceous, Bushman’s Kiver, 
South Africa {Paranthodm Nopcsa). 

Scolosaurus Nopcsa. Paired triangular dermal spines as well as plates. 
Tail armour not fused into rings. Humerus twice as long as radius ; ratio 
of humerus to femur 2:3. S. cutleri Nopcsa, with skeleton about 5 m. long 
and less than 1 m, high when standing. Upper Cretaceous (Belly Kiver 
Formation) ; Ked Deer Kiver, Alberta. 

llopUiosaurus Lucas. South Dakota. 

Hierosaurus Wieland, Probably as aquatic as turtles. Niobrara Chalk ; 
Kansas. 

Nodosaurus Marsh ; Stegopelta Williston. Benton Cretaceous ; Wyoming. 

Polamnthus Hulke ex Owen. Pelvic region covered with a continuous 
shield of fused bony plates ; paired conical spines on the back and tail. 
F. foxi Hulke, about 3 m. long. Wealden ; Isle of Wight. 

^ Brown, B,, The Atikylosavridae. Bull. Anier. Mus. Nat. Hist., vol, xxiv., p. 187, 1908. — 
Gilmore, C. W., Skull and Ramus of Btilrjqplocephalus tutus Lambe. Canadian Field -Naturalist, 
vol. xxxviL, p. 47, 1923. — Dinosaurian Reptiles from the Two Medicine Formation of Montana 
[skeleton of Palaeoscincus, skull of fJ^oplosaurus], Pioc. U.S. Nat. Mus., vol, Ixxvii., art. 16, 
1930.— Hulke, J. W., Polacanthus. Phil. Trans. Roy. Soc., 1881, p. 653, and 1887, pt. B, 
p. 169. — Lambe, L. M., Stereocephalus. Geol. Surv. Canada. — Contrib. Canadian Palaeont., 
vol. iii. (4to), p, 55, 1902. — Generic Name Euoplocephalvs. Ottawa Nat., vol. xxiv., p. 161, 
1910. — Panoplosaurus mirus. Trans. Roy. Soc. Canada [3], vol. xiii., sect, iv., p. 39, 1920. — 
Lucas, F. A., New Dinosaur, Stegosawrus marshi, from S. Dakota. Proc. U.S. Nat. Mus., 
vol. xxiii., p. 691, 1901 { = Hoplitosaurus Lucas, Science, n.s., vol. xvi., p. 435, 1902). — 
LuU, R. S., Nodosaurus textUU Mar.sh. Amer. Joum. Sci. [.5], vol. i., p. 97, 1921. — Matthew, 
W. D., Super-Dreadnought of the Animal World. Natural History (Amer. Mu.s. N. H.), vol. 
xxif., p. 333, 1922.-- Moodie, R. L,, Armored Dinosaur [Stegopelta] from Wyoming. Kansas 
Univ. Sci. Bull., vol. v., p, 257, 1911.— F., Polacanthus. Geol. Mag. [5J vol. ii., p, 241, 
1906. — ScdosauTus cutleri. Geol. Hungarica, ^r, Palaeont., vol. i., p. 64, 1928. — Parks, W. A., 
Lyoplosawrus ojcuiosqvmmus. Univ. Toronto Studies, Geol. Ser., no. 18, 1924. — Seeleg, H. Q., 
Ob pubis of Potacanthsis. Quart, Jourii. Geol. Soc., vol. xlviii., p. 81, 1892. — Sternberg, C. M., 
Supplementary Study of Panoplosaurus mirus. Trans. Roy. Soc. Canada [8], vol. xv., 
sect, iv., p. 93, 1921.— New Armored Dinosaur from the Edmonton Formation of Alberta. Loc, 
eU., vol. xxli., p. 93, 1928. —Toothless Armoured Dinosaur from the Upper Cretaceous of Alberta. 
Natioual Museum of Canada, Bull. 64, p. 28, 1929. — Wieland, O. R., Hierosaurus. Amer. 
Journ. Sci. [4], vol. xxvil., p. 250, 1909.— WiUision, 8. W., Stegopelta. Science, n.s., vol. xxii., 
p. 603, 1906. 
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Polacanthoides Nopcsa, Limb bones only. Wealden ; Sussex. 

Fanoplosaurwi Lambe ; Edmonimia Sternberg (perhaps identical with 
Palaeoscincus), Alberta. 

Anodontosaurus Sternberg. Toothless. Dermal scutes unusually thin. 
Upper Cretaceous (Edmonton Formation) ; Alberta. 

Dyoplosaurus Parks. Ten vertebrae at end of tail fused and strengthened 
by ossified tendons, with a ring of bony plates at the tip, forming a club. 
D. acatosquameus Parks, with club 1-3 m. long. Upper Cretaceous (Belly River 
Formation); Alberta, Upper Cretaceous (Two Medicine Formation); Mon- 
tana. 

1 Metatetrapous Ballerstedt. Footprints from Wealden, Germany. 

'I Lametasaurus Matley. Upper Cretaceous (Lameta Beds); Jubbulpore, 
India. 

'( Loricosauru.'^ Y, von Huene. Cretaceous; Argentina. 

Family 8. Protoceratopsidae.^ 

Quadrupedal. Skull large and its long axis foniinuing that of the nerJc ; parieial 
hones\ and to a lesser extent the squamosal hones y produced he gaud the occiput info 
a crest or frill over the neck ; no bony horn-cores on the skull and no dermal hones on 
the crest. Premaxilla with few teeth, but extremity of beak toothless ; teeth in one or 
two rows, with the roots simple, not bifid. Mandible short and deep. Sacrum of 
seven or eight vertebrae. Upper border of ilium scarcely inclined outwards; pubis 
relatively small, hut postpubis well developed. Cretaceous. 

Protoceratops Granger and Gregory, Skull wide behind, 'svith snout deep and 
laterally compressed to a beak. Premaxilla with two long, cylindrical teeth. 
Orbit relatively large. Occipital crest with a pair of transversely oval 
fontanelles. A loose supraorbital bone. Cervical vertebrae not coalesced ; 
mid-caudal vertebrae with very long neural spines. Fore limb slender, and 
manus much smaller and shorter than pes. Whole skeleton suggestive of 
bipedal ancestor. P. andrewsi G. and G., with skull 40 to 50 cm. long. Lower 
Cretaceous ; Mongolia, Some skulls relatively longer than others, perhaps 
male and female. 

Leptoceratops B. Brown. Fontanelles in occipital frill smaller. Three 
anterior cervical vertebrae coalesced. Shorter feet. L. gracilis B. Brown, 
standing about 120 cm. high. Upper Cretaceous (Edmonton Formation); 
Red Deer River, Alberta, Canada. 

Family 9. Oeratopsidae.^ 

Quadrupedal. Skull very large and its long axis continuing that of the neck; 
parietal and squamosal bones produced into a very large crest or frill over the neck ; 

^ Brottm, B.y Leptoceratops. Bull. Amer. Mus. Nat. Hist., vol. xxxiii., p. 567, 1914. — 
Granger, W., and Gregory, W. K., Protoceratops amirewsi. Amer. Miis. Novit., no. 72, 1923. — 
Oregory, W. K., and Mook, 0. G., Protoceratops. hoc. cit., no. 156, 1925. 

* Brown, B., Anckueratops. . . . Origin of the Ceratopsian Crest .and the Brain Casts of Anchi- 
eemtops and Trachodon. Bull. Amer. Mus. Nat. Hist,, vol. xxxiii., p. 589, 1914,— -Skull of 
MonocUmiue. Tom. cU., p. 667, 1914. — Complete Skeleton of Monocloniue. Loc. cit., vol. 
xxxvii., p. 281, 1917. — GUmore, C. W., Mounted Skeleton of Triceratops prorsus. Proc. U.S. 
Nat. Mus., vol. xxix., p. 433, 1906, — Skulls of Triceratops and Diceraiope. Loc. cit, vol. xxx., 
p, 608, 1906. — New Restoration of Triceratops, with Notes on the Osteology of the Genus. Aoc, 
cU., vol. Iv*, p. 97, 1919. — Smallest known Horned Dinosaur, Brachyceratops. Loc. cU., vol. Ixi., 
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a secondary roof with pmidopineal foramen above the frontals ; no aniorhifal vacnity ; 
snout much laterally compressed^ with premaxillae coalesced and toothless^ and a median 
rostral hone forminy a toothless heal'. Teeth in more than one functional row ; each 
tooth with a bifurcated root above the apex of its successor. Bony horn-cores on skull, 
and 'usually a row of dermal hmies mi edge of frill. Neck short, the three anterior 
verleJyi'ae coalesced. Vertebrae amphiplatyan and solid ; about ten sacrals, with no 
enlargement of neural canal. Paired steiiium ossified. Ujrper border of ilium 
turned outwards ; posipubis much reduced. Upper Cretaceous. 

This family is known only from the Upper Cretaceous of Montana, 
AVyoming, Colorado, New Mexico, and Dakota, LJ.S.A., and Alberta, (•anada. 
It is chiefly remarkable for the armature of the huge skull, the strong 
pointed horn-cores of which resemble those of the Bomdae, Their rugose 
outer surface exhibits distinct vascular impressions, and was doubtless 
sheathed with horn. Internally they are hollow at the base, but become 
solid higher up. 

Ceratops Marsh. Laramie (Lance) Formation ; Colorado and Montana. 

Eocerafops Lambe. Skull short, deep, and laterally compressed ; a })air 
of slender round horn-cores above the orbits, curving inwards and slightly 
backwards at the apex ; nasal horn-core very short, directed forwards. 
Occipital crest with a pair of elongated fontanelles in the })arietal bones ; 
squamosals broadly triangular ; no dermal bones on the margin of the crest. 
E. canadensis Lambe, with skull and crest at least a metre long. Belly River 
Formation ; Red Deer River, Alberta. 

Anchiceratops B. Brown. Much resembling Eoesratops, but with smaller 
fontanelles in crest. Edmonton Formation ; Alberta. 

Arrhinoceratops Parka. Skull short and deep; two large supraorbital 
horn-cores ; crest very large, sul)quadrate, fiat, with pair of small fontanelles. 
Edmonton Formation ; Alberta. 

Triceratops Marsh (Polyonax, Agathaumas Cope) (Figs. 503, 504). Skull 
more elongated and less deep; a pair of slender round horn-cores above the 
orbits, very long and directed forwards and usually outwards ; nasal horn-core 
small, directed forwards. Occipital crest without fontanelles ; its margin with 

art. 3, 1922 ; also Smithson. Miscell. Coll., vol. Ixiii., no. 3, 1914, and U.S. Geol. Snrv. Profess. 
Paper 103, 1917. — Skull of Eoceratops, Canadian Field-Naturalist, vol. xxxvii., p. 61, 1923. — 
Hatcher, J. B., Lull, R. S., and Osborn, II. F., The CVratopsia. Mon. U.S. Geol. Surv., no. 49, 
1907. — Hay, 0. P., Skull and Brain of Triceratops. JYoc. U.S. Nat. Muh., vol. xxxvi., p. 96, 
1909. — Hnnie, F. von, Beitrage zur Kenutnis des CHratop8i<lenscharlel«. Neues Jahrb. f. Min., 
etc., 1911, vol. ii,, p. 146, 1912. — Lawhe, L. M., Squamoso- parietal Crest of Centrosaurns and 
MonocloniiLs. Trans. Roy. Soc, Cana<la, ser. ii., vol. x., sect, iv., p. 3, 1904. — Parietal Crest of 
CeJitrosaurus. Ottawa Naturalist, vol. xxiv., p. 149, 1910. — Styracosauriis. Loc. cii., vol. xxvii., 
p. 109, 1913. — New Genus of Ceratopsia {Prof4)rosaiirus^ and the Integument of some Cretaceous 
Herbivorous Dinosaurs. Loc. cit., vol. xxvii., p. 129, 1914. — Eoceratops canadensis, with Remarks 
on other Genera of Cretaceous Homed Dinosaurs. Geol. Snrv. Canada, Museum Bull. no. 12, 
191.6. — Lull, R. S., Skull of Triceratops serratus. Bull. Amer. Mus. Nat. Hist., vol. xix., p. 686, 
1903. — Two New Ceratopsia \^Diceratops\ Amer. Jonni. Sci. [4], vol. xx., p. 413, 1906. — Cranial 
Musculature and Origin of Frill in Ceratopsian Dinosaurs. Ia>c. cit,, vol. xxv., p. 387, 1908. — 
Evolution of the Ceratopsia. Proc. 7th Intemat. Zool. Congress, p. 771, 1910. — Parks, W, A., 
Arrhinoceratops hrachyops. Univ. Toronto Studies, Geol. Ser. no. 19, 1925. — Sternberg, C. M., 
Integument of Chasmosaurus heMi. Canadian Field- Naturalist, vol. xxxix., p. 108, 1925. — 
Homologies of Certain Bones of the Ceratopsian Skull. Trans. Roy. Soc. Canada, ser. iii. , vol. xxi„ 
sect, iv., p. 135, 1927. — New Species of Horned Dinosaur from the Upper Cretaceous of Alberta, 
National Mu.seuin of Canada, Bull. 64, p. 34, 1929. — Wirnan, C., Ueber Ceratopsia aus der oberen 
Kreide in New Mexico. Nova Acta R. Soc. Sci. Upsaliensis, ser. 4, vol. vii., no. 2, 1930 
I Pentacef'aiops}, 
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a row of small ovoid and conical dermal bones. T. j^rorsus Marsh (Fig. 503), 
with skull sometimes 2 m. long. Laramie (Lance) Formation ; Wyoming. 
Other species also in Montana and Colorado. 

Sterrholophus Marsh (Figs. 505, 506). Perhaps identical with Triceratops. 



Fm. 5o:i. 

'/'riot'.rali^ps prornus Mnrsli. Ilosturat ion of skeli'toii, 1 / 71 , uat. size (after Marsh). Upi)er,Cretaceoiis ; Wyoming. 


According to Marsh, a wide margin of the hinder face of the occipital 
crest in Triceratops was free and covered with horn ; in Sterrholophus the 
whole of the hinder face of the crest was connected 
with muscles and ligaments. Laramie (Lance) 

Formation ; Wyoming. 

Diceratops Lull (ex Hatcher). 8kull as in 
Triceratops, but with very small fontanelles in 




Fia. 504, 

Tl'iceratoim serrat m Martih. U pper Cretacpoius ; 
Wyoming. Outer (^4) and lateral (/?) a«i>ect of 
worti maxillary tooth. Nat. size (after Marsh). 



Fio. 505. 

Stvrrholoph us flabellatus 
Marsh. A viMtiral seiie.s of 
fet’th in sufocssion. Upper- 
iiKKSt theUieeous ; Wyoming, 
(i, woin aj>ex of tooth in use ; 
6 , ineomplute latest succes- 
sional tooth, l/o nat. size 
(after Hatcher). 


the crest, and without nasal horn -core. Laramie (Lance) Formation ; 
Wyoming. 

Monoclonius Cope (Fig. 507). Skull short and deep and laterally com- 
pressed ; supraorbital horn-cores very small, incipient ; nasal horn-core long, 
straight, laterally compressed. A ring of sclerotic plates. Occipital crest 
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with a pair of large fontanelles in the parietals, a forward and inwardly 
directed bony process from the hinder margin overhanging each ; a row of 
large dermal bones along the margin. The whole skeleton is known in 
M. nasicornus B. Brown, from the Belly River Formation, Alberta, over 6 m. 
long. There are twenty-one presacral, ten sacral, and forty-six caudal vertebrae. 




Fio. 606. 

SUrrholnpfiua JM)ellatv-8 MarKh. I^iteral and superior aspects of skull. Uppermost Cretaceous ; Wyoming. 
A, orbit; «, marginal bosses (“ opioccipital plates'); /, brain; h, horn -core; h', nasal hom-core; N, external 
iiarial opning; n, nasal; p, parietal; /d, predenlary (restored in outline); Q, quadrate; r, rostral bone 
(restored In outline) ; S, Kiipratoinporal vacuity ; a, squamosal. 1/20 nat. size (after Marsh). 

The manus has the phalangeal formula 2, 3, 4, 3, 2, and the three inner toes 
bear hoofs. The hind foot has four functional hoofed toes, with phalangeal 
formula 2, 3, 4, 6, and the fifth toe is represented by the rudimentary 
metatarsal. Skin with rounded or polygonal epidermal plates, which do not 
overlap. Two Medicine Formation ; Montana. Belly River Formation ; 
Alberta. 

Centrosanrus Lambe. Skull as in Monodonius, but nasal horn-core curved 
forwards. Belly River Fonnation ; Alberta. 

Styraeosawrus Lambe. Skull as in Monoclonim^ but the few dermal boues 
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on the hinder margin of the parietals in the crest extending backwards as 
long horns. Belly River Formation ; Alberta. Two Medicine Formation ; 
Montana. 

Brachyceratops Gilmore. Supraorbital horn-cores very small, nasal horn- 
core conical and far back. Occipital crest with a pair of small fontanelles 
and no dermal bones. B. montanensis Gilm., with skull about 55 cm. long, 
and total length of skeleton not much more than 1-5 m. Two Medicine 
Formation ; Montana. B. dawsoni Lambc. Belly River Formation ; Alberta. 

Chasmosaurus Lambe (Protorosaurus Lambe nec H. v. Meyer). Both 
supraorbital and nasal horn-cores short and stout ; occipital crest with dermal 
bones on margin, and large fontanelles. Belly River Formation ; Alberta. 



Fi«. b(j7, 

Monorloniug nttsicomuff li. Urowii. HkeU*t<»n 5’1»> m. in Ifiijitli, us found in tho rock. Upper Cretaceous ; 
lied Deer River, An)erta, Oana«lH. (AtW R. Hrown). 


Torosaurus Marsh. Horn-cores as in Triceratops. Occipital crest very 
large with a pair of fontanelles but no dermal bones. Laramie (Lance) 
Formation ; Wyoming. 

Pentaceratops Osborn. Upper Cretaceous (Kirtland Shales) ; Sari Juan Co., 
New Mexico. 

? Notoceratops F. von Huene. Upper Cretaceous ; Patagonia. 

Order 14. PTEROSAURIA. (Ornithosauria Fitzinger.)^ 

Flying reptiles^ with hollow hones, weWforvied articulations, and fore limbs 
adapted for flight Skull with its long axis extending nearly at right angles to the 

* AbetO., Neue Rekonstruktion der Flugsanriergattmigen Piei'odactylus \ma Rhamphorhynchua, 
Die Naturwissensch., Jahrg. 7, p. 661, \^\^,—ATthuber, O. von, Entwicklung, Ausbildung und 
Absterben der Flugsaurier. Palaeont. Zeitschr,, vol. iv., p. 1, 1921. --Braftca, Fossile Flug- 
tiere und Erwerb des Flugvermbgens. Abhaudl. k. preuss. Akad. Wiss., phys.-math. KL, 1908, 
p. 1,— -Decfor/em, L., Erwerbung des Flugvermcigens bei Wirbeltieren. Zool. Jahrb., Abtli. f. 
Syatematlk, vot. xiv., p. 49, 1901.— Nachtrag zum Carpus und Tarsus der Pterosanrier. Sitzungsb. 
Bay, Akad. Wiss., math. -naturw. Abt., 1929, p. 175.— Oold/uss, A., Reptilien aus dem litho. 
grapbiscben Schlefer. Nova Acta Acad. Leop., vol. xv., p. 63, 1831. — Hankin, E. H., and Watson, 
Z). M, S,, Flight of Pterodactyls, Aeronautical Journ. Gt. Brit., no. 72, 1914. — Hiune, F, von, 
SchiMiel einiger Pterosaurier, Geol. u. Palaeont. Abhandl., n.s., vol. xiii., p. 67, 1914, — Jaekel, 
0., Fliigelbildung der Flugsaurier und Vdgel, Anat. Anzeig., vol. xlviii,, p. 1, 1916. — Lambrecht, 
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nech Eoofing banes of temporal region contracting into an upper and a lower arch ; 
no pineal foramen; sutures becoming obliterated in the adult. Quadrate large, 
firmly fixed, inclined downwards and forwards; orbit very large, and usually with 
sclerotic ring ; antorhital vacvity large, sometimes confluent irith external nares. 
Teeth, when present, slender, conical, in sockets, and confined to margin of the jaws. 
Mandibular rami ustuilly fused at the symphysis. Pre sacral vertebrae procoelous, 
caudals amphicoelous ; sacrals four to seven in number, usmlly fused. Cervical and 
anterior dorsal ribs double-headed. Sternum large, clavicular arch absent, scapula 
ami coracoid long and slender. Fifth digit of manus enormously elongated and 
refiexed to support the wing -membrane. Pubis and ischium fused; a prepuhis. 
Both rows of tarsals ossified, the astragalus sometimes fused with the tibia. Two to 
four digits of the pes with claws, the fifth digit sometimes vestigial. Abdominal ribs 
present ; no dermal armour. 

The Pterosauria or Ornifhosauria (Pterodactyls) form an extraordinary 
group of extinct reptiles, ranging from the Lower eTurassic to the Upper 
Cretaceous. They are remarkably bird-like in general appearance, and their 
whole organisation is modified for flight, though in most the power of flight 
was probably more limited than in birds. The skeleton was more or less 
pneumatic, like that of birds, and the general avian a})})earance was 
accentuated by the articulation of the head at right angles to the axis of the 
neck. Some were no larger than sparrows, but others at the end of the race 
were of gigantic size, the spread of their wings being nearly 6 m. from tip to 
tip. Their remains are found chiefly in marine and estuarine deposits, and 
though many may have fed on insects, some seem to have had a sac below the 
lower jaw, like the pelicans, and doubtless fed on fishes. 

The vertelrral colunm. comprises seven to nine true cervicals, twelve to 
sixteen dorsals, four to seven sacrals, and ten to forty caudals. The presacral 
vertebrae are procoelous, and the caudal amphicoelous. In some of the later 
Cretaceous genera several of the anterior dorsal vertebrae are fused together 
and capped by a supraneural plate, to form a notarium for strengthening 
the base of the large wings. The neural arches are usually fused with their 
centra, and the sides of the latter are more or less extensively hollowed. 
Cervical ribs, when present, are much shorter than the dorsal ribs. The 
latter are double-headed anteriorly, but become single-headed and more slender 
toward the sacral region. Transverse processes are strongly developed in 
the anterior sacral vertebrae. There is a median series of small abdominal 
ribs, with one or two lateral pairs. 

K., “Elastischen Fasern ” des Pterosauricr-Patagiuins. Palaeolnologica, vol. ii., p. 57, 1929. — 
Meyer^ H. vmi^ Beptilieu aus dein lithographischeu Schiefer. Fauna der Vorwelt, pt. iv,, 1860. — 
Newton, E, T,, Notes on Pterodactyle.s. Proc. Geol. Assoc-., vol. x., p. 406, 1888,— F., 
Ideas on the Origin of Flight. Proc. Zool. Soc., 1907, p. 223. — G. von Arthabers Arbeit iiber 
Eiitwicklung nnd Absterben der Pterosaiirier. Palaeont. Zeitschr., vol. vi., p. 80, 1924. — 
Plieninger, F., Beitrage zur Kenntniss der Fliigsaurier. Palaeontogr., vol. xlviii., p. 65, 1901. — 
Pterosaurier der Juraformation Schwabens. Loc. cit., vol. liii,, p. 209, 1907.— H., Die 
deutschostafrikanischen Flugsaurier. Ceiitralbl. f. Min., etc., Abt. B, 1931, p. 321. — Seeley, H. O., 
The Oniithosauria. Cambridge, 1870. — Organisation of the Ornithosatiria. Jonrn. Linn. Soc., Zool., 
vol. xiii., p. 84, 1876. — The Omithosaurian pelvis. Ann. Mag. Nat. Hist. [6], vol. vii., p. 237, 
1891. — The shoulder-girdle in Cretaceous Omithosauria. Loc. cit., p. 438, 1891.— Dragons of the 
Air. London, 1901. — Wagmr, A., Contributions on Upper Jurassic Pterosaurs in Abhandl. bayer. 
Akad. Wiss., math.-phys. Kl., vols. ii., p. 168; vi., ]»p. 129, 690; viii., p. 489, 1837-58. 
— Wiman, 0., Aus dem Leben der Flugsaurier. Bull, Geol. Inst, Upsala, vol. xix., p. 115, 
1924.— Notizen iiber Flugsaurier. Loc, cit., vol. xxii., p. 217, 1929.— K. A,, Flugsaurier 
aus dem lithographischen ^hiefer. Palaeontogr., vol. xxix., p, 49, 1882, 
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The slcxdl (Fig. 508) is remarkably bird-like, and its constituent elements 
usually become anchylosed at an early age. The orbits are very large, 
laterally placed, and usually surrounded by a sclerotic ring of small plates. 
An antorbital vacuity is present as in birds and Dinosaurs, and is either 
cofifluent with the external nostril on each side, or separated from it by a 
narrow bar. The supratemporal vacuity is small and placed far backwards. 
The lateral tempoial vacuity appears as a narrow slit behind the orbit, 
extending downward and forward, and bounded posteriorly by the quadrate. 
The cranial roof is formed by the large frontals and the smaller parietals, 
which are without a foramen. At the base of the skull is placed the single 
occipital condyle, by means of which the head is carried approximately at 
right angles to the long axis of the neck. 

Natural casts of the brain cavity prove it to have been remarkably bird- 
like, though smaller in proportion to the size of the skull.^ It was entirely 
roofed by the frontal, 

which sometimes N 

extends as far for- 
wards as the anterior 
border of the orbits, 
and forms not only 
their upper, but also 
a part of their })os- 
terior border. The 
orbit is separated 
from the lateral tem- 
poral vacuity by a 

frifirl f f »» 1 trap,’ left lateral aK]«rt.. UpiH*r JuraHaic ; Kichslatlt, liavaria. ant^)rbital 

Liiiiii puoLiiuiiLd.1 v-itjuity ; frontal; Jm, juKul : Mx, lunxilla ; N, naiial opening:; pre- 

plate. One branch of maxllla ; yw,Huadrute. Ne arly ‘-Va nat. size, 
which joins the squa- 
mosal, and forms at the same time the outer bar of the su])ratemporal vacuity. 
The orbit is bounded anteriorly by slender processes of the jugal and prefrontal, 
which meet each other half-way, both of these plates being small and 
triangular. The quadrate is a relatively long and narrow bar, united with the 

squamosal above, and with a buttress of the pterygoid below. In the facial 

region, which closely resembles that of birds, sutures are always difficult to 
determine. The snout is pointed in front, or in some cases slightly rounded, 
and is formed by the enlarged premaxillae, which constitute the greater part 
of the upper jaw. Teeth, when present, occur in single series at more or less 
irregular intervals along the margin of the jaws. They arc invariably simple and 
conical, and implanted in distinct sockets. In some genera the sharp margins 
of the jaws are toothless and may have been sheathed with horn, as in birds. 

The mandibular rami are straight and elongate, and fused together at the 
symphysis. They are composed of at least four elements, but the sutures 
are seldom determinable. A coronoid process is lacking, and the suspensorium 
is sometimes inclined forwards at a considerable angle, so that the articulation 
with the quadrate is placed underneath the orbit. 

The pectoral arch comprises merely a pair of long, narrow scapulae, and 



Fio. 508. 

'S<npho<jmtthus crafisiroitris (JoMf. Kp. Skull, Tn/indihlp, .‘ind cervical verfe- 


* MdingeTf T,, Daa Gehirn der Pterosaurier. Zeitschr. f. Anat. u. Eiitwick., Abt. Gesammt. 
Anat., vol. 83, p. 105, 1927.— ‘Newton, K. T., Skull, braiu, etc., of Saiphognathus purdoni. 
Phil. Trans. Roj*. Soc., vol. 179 b, p. 503, 1888. 
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equally long but somewhat stouter and imperforate coracoids, which articulate 
with the large sternum by a synovial joint. The sternum is produced in front 
into a laterally compressed keel to accommodate the enlarged pectoral muscles. 
There is no clavicular arch, and no precoracoid. The humerus is much 



Fio. 500. 

Jthamphorhynchus phylhirus Marsh. Restoration, showing? extent of cutaneous expansions. Ui>i>er 
Jurassic (Lithographic Stone); Bavaria. V? size (after Marsh). 


expanded proximally and exhibits a deltoid crest. The axis of the distal 
articular facet is approximately at right angles to that of the head of the 
same bone. The radius and ulna are sometimes twice as long as the humerus, 
and are about equally developed. The carpal bones are arranged in two rows, 
and their number varies from three to six. 

The metacarpus consists of four bones equal in length, the inner three 
slender and of nearly similar size, the outermost comparatively stout and 



baring four elongated phalanges which are turned backward to support the 
wing-membrane. The three inner metacarpals are sometimes incomplete and 
taper at their proximal ends to become mere splints on the wing-metacarpal ; 
but they always bear two, three, four phalanges respectively, and the terminal 
phalange is a large claw. If the small “ pteroid bone,” which extends back- 
wards towards the shoulder and seems to have strengthened the edge of a 
strip of membrane, represents the first digit, the wing-finger is the fifth. If 
it is only an ossified tendon, the wing-finger is the fourth, and the fifth digit is 
missing.! The wing-membrane, or patagium (Fig. 6 1 0), is narrow and tapering^ 


' Plieningert Die Hand der Ptcrosaurier. Centralbl. f. Min,, etc., 
WUlisim, S, W,, The Fingers of Pterodactyls. Geol. Mag., 1904, p, 69. 


1906, p. 899.— 
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Fic. 511. 

rUrodaetyhis antiAptus Sornm. sp. Right 
lateial aspect of polvis. Ui)pp!r Jurassic; 
Bavaria. a, acetabuhjin, below which is 
obtniator foramen ; i7, ilium ; w, ischium and 
pubis ; pw, prepubis. 


in this respect resembling the wing of a swallow or sea-gull. It was attached 
at its base along the sides of the body wall, and extended beyond the hind limbs 
to the base of the tail. In at least one genus (Jlhamphorhynchus) it also 
formed a leaf -like expansion at the ex- 
tremity of the tail (Fig. 509). The impressions 
of the membrane exhibit a number of longi- 
tudinal wrinkles or folds, and also numerous 
fine parallel striae. Broili has described 
one specimen of llhamphorhi/nchus which 

seems to exhibit 
a covering of, 
fine short hair.’ 

In the pelvic 
arch (Figs. 511, 

512) the ilium 
is low and ex- 
tended antero- 

posteriorly on either side of the imperforate aceta- 
bulum as in Dinosaurs, the preace tabular being 
much longer than the postacetabular portion. Its 
anterior extremity is sometimes expanded (liham- 
phorhi/fichus), in other cases slender and tapering 
{Pterodactylus), The ischium fuses with the pubis, 
forming a much-expanded bone which is pierced 
by a small obturator foramen. In front is a pre- 
pubis which appears to have been very loosely at- 
tached to the antero inferior portion of the pubis, 
and almost invaiiably occurs displaced.^ In 
Pterodactylus the prepubis is much expanded dis- 
tally, and was probably united with its fellow in 
a cartilaginous symphysis; but in Phamphorhynchus^ 
Pieranodon^ and Nyctosaurus it is narrow and band- 
like, extending forwards for a certain distance, and 
then bent inwards approximately at a ri§ht angle 
to meet its fellow of the opposite side, with which 
it may become fused in a ventral symphysis. 

The femur is rather longer and more slender 
than the humerus in some forms, but in others is 
much shorter, as in birds ; and as in birds also, it 
is exceeded in length by the tibia, which is stout 
and straight. The fibula is redded to a mere 
splint, often fused with the tibia, and its pointed 
distal end extending scarcely half-way down the shaft of the tibia ; or it may 
be absent altogether. There are two proximal tarsals (astragalus and cal- 
caneum), which in the Bhamphorhynchidae and Ornithocheiridae are always fused 
with the tibia* At least two distal tarsals are always present. 


Fi«. 512. 

Pelvis, bind “limbs," and base of tail. 
Jurassic; Eichstiidt, Bavaria, 
femur; il, ilium; is, ischium; jnt, 
prepubis ; t, tibia. Nat. size. 




^ BroUii Bin Rkamphtyrhynchus mit Spuren von Haarbedeckung. Sitzungsb. Bay. Akad. 
Wiss., math.-naturw. Abt., 1927, p. 49. 

* Uuent, F, votu Praepubisfrage bei Dinosaurieru luid anderen Eeptilien. Anat. Anzeig. , vol. 
xxxiil., p. 401, 1908. 
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The hind foot is characteristically reptilian in structure. The four inner 
metatarsals are about equally developed, and bear clawed digits, having the 
phalangeal formula 2, 3, 4, 5, or sometimes, when the first two digits are 
clawless, the formula 1, 2, 4, 5. In liharnphorhynchus^ at least, these four 
digits are united by a web for swimming.* The fifth digit is almost always 
shorter than the rest, its metatarsal reduced to a mere stump, sometimes 
without phalanges, and sometimes with as many as three, in Hhampliih 
rhynchiis and JJimorphodon it was divergent, and doubtless assisted in the 
support of the patagium. The claws are usually sharp and delicate, and 
during life were doubtless sheathed with horn. 

With one exception, the known Jurassic Pterosaurians are readily 
divided into a long-tailed Sub-Order, the Pterodermaia or Bhamjdhorhynchoidea, 
and a short-tailed Sub-Order, the Ornithocheiroklea or Pier od act yhidea. The 
exception is Amirognaihua Ddderlein,- represented by a unique imperfect 
skeleton from the Upper Jurassic (Lithographic Stone) of Eichstiidt, Bavaria. 
It appears to agree in most res})ects with the first Sub-Order, but has the 
short tail of the second Sub-Order. 

All the known Cretaceous Pterosaurians are Ornithocheiroidca. 

Sub-Order 1. PTEBODEBMATA. (Rhamphorhijitchoidea F. Plieiiinger.) 

tJaws with teeth; external varial vpenimj completely separated from antorhital 
vacuity. Tail elongated ; wing-rnetacarpal less than half the length of the hones of 
the fore arm ; fifth digit of pes ivith one to three phalanges. 

This group comprises the earlier and more generalised Pterosaurs, all of 
Jurassic age. Teeth are always present, decreasing in size posteriorly, but 
sometimes not extending to the anterior end of the jaws. The scapula and 
coracoid are often fused proximally, and the proximal tarsals are fused with 
the tibia. 


Family 1. Dimorphodontidae.’^ 

Antorhital vacuity very large. Prepnhis expanded distally. Jurassic. 

iJimorphodon Owen (Fig. 513). Skull relatively very large, deepened in 
form and extremely light; brain case unusually small. External narial 
openings and antorhital vacuities^ nearly equal in size. Jaws toothed to the 
extremity, the anterior teeth very large and irregularly spaced ; mandibular 
suspensorium nearly vertical. Probably four sacral, and at least thirty 

V 1 Broili, F., Rhamplwrhynchiis iiiit Rcsteii vou Scliwinimhaut. Sitzuiigsb. Bay. Akad. Wiss., 
raatli.-iiaturw. Abt., 1927, p. 29. 

^ Diiderleiriy L.y A nurognathus ammoni. Sitzungsb. Bay. Akad. Wiss., math.-phys. Kb, 1923, 
p. 117 ; also loc. cit.j 1929, p. 47 . — Retronieviesj fiber AnurogutUhua, Anat. Anzeig., vol. 
Ixv., p. 214, 1928 ; also Ann. Geol. Penins. Balkaniqne, vol. ix., p. 76, 1928. — Wiman^ C.^ Einige 
Beobachtungeii an Flugsaurieru. Palaeobiologica, vol. i., p. 363, 1928. 

* Arthaher, G.t Btudieii iiber Fliigsaurier auf Gnuid der Bearbeitung des Wiener Exeinplares 
von DorygncUhus bantheusis. Denksebr. Akad. Wlss}, Wien, niatli. -naturw. Kl., vol. xcvii., p. 1, 
1919. — Newton^ E. T.. Scaphognathuspurdoni. Phil. Trans. Roy. Soc., vol. 179b, p. 603, 1888. — 
Otoeifiy R.y Reptilia of the Liasaic Formations, pt. ib Mon. Palaeont. Soc., 1870. — Plieninger, F., 
Campylognathus zittdi. Palaeontogr., vol. xli„ p. 193, 1896. Also Centralbb f. Min., etc., 1906, 
p. 290. — A.f L'Exemplaire de Louvain de Dorygnathuft banihensis. M^m/Inat. G^ol. Univ. 
Louvain, vol. iv., fasc. iv., 1028. — Slielerf (7., Neuer Rekonstniktionsverauch einea liaasischen 
Fliigsauriers. Naturwisa. Wochenachr., vol. xxxvii., p. 273, 14th May 1922.— IFiV/iaw., C., 
Dorygnaihtts imd audere Flugaaiirier. Bull. Geol. Inst. Upaala, vol. xix., p. 23, 1923. 
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caudal vertebrae, some of the latter with chevron bones. Scapula and 
coracoid fused. Ischiopubis large, distally expanded. The first four clawed 
digits of the pes are normal, and the fifth divergent; the latter with 
a short metatarsal and two phalanges. The skull of D. macronyx Owen, 
the only known species, attains a length of 20 cm. Lower Lias ; Dorset. 

Dorygnathus Oppel. Skull elongated, and narial opening much smaller 
than antorbital vacuity. Three or four sacral vertebrae, and a shorter tail 
than in Dimorphodon. 1), hanthensis Theodori sp., with skull about 12 cm. 
in length. Upper Lias ; Bavaria, Wiirtemberg, and North Germany. 



Fio 513. 

Dimorphodon macronyx Owen. Hestoration of skeleton. Lower Lias ; Dorset, 
a, antorbital vacuity ; n, external narial opening; o, orbit. 1/7 nat. size (from A, S. Woodward, after Owen). 


The following genera may belong either to this family or to the Ehampho- 
rhynchidae : 

Rhamphmephalus Seeley. Bathonian ; Stonesfield, England. 

Campylogmthm Plieninger, Skull less deep than in Dimorphodon^ the 
quadrate more inclined forwards and downwards, and the antorbital and 
narial openings smaller. Mandibular rami apparently not fused at the 
symphysis. Four sacral vertebrae. Tail very long. Proximal phalange of 
wing digit more than double the length of the forearm. Fibula and proximal 
tarsals fused with tibia. U. zUteli Plieninger. Upper Lias; Holzmaden, 
Wiirtemberg, 

Parapsicephalus Arthaber. Known only by skull, with well-preserved 
impression of brain. Skull elongated, with gently arched profile and 
antorbital vacuity larger than orbit; quadrate slightly inclined forwards. 
pwrdoni Newton sp. Upper Lias ; Whitby. 

VOL. n 2 b 
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Scaphognathus Wagner (Fig. 508). Skull elongated, with depressed 



Rhanphorhynfihus (temningi H. v. Meyer, Upp»ir Junt.ssic (Litl>o|jriaphlo Htoiie); fiiehet.Ut, Bavaria. 
.4,.*c»rbit; i), antorbital vacuity ; .V, external narial o]>eiiiiig; /^au’, |>reinaxi]hi ; r, rib; .V, lat.era1 temporal 
valBllity ; eupratemporal vacuity ; »t, sternum. About nnt. sixe. 


snout and antorbital vacuity smaller than in Parapdcephalm, S, crassirostris 
Goldfuss sp., known by imperfect skeleton. Lithographic Stone ; Bavaria. 


Family 2. Rhamphorhynchidae,^ 

Antorbital vacuity smalL Prepubis not expanded distallij. Jurassic. 

Bhamphorhynchus H. v. Meyer (Figs. 509, 510, 512, 514). Mandibular 
suspensorium sharply inclined forwards beneath the large orbit. Snout 

* Ammon, Z. von, Ehamphorhynchus longicavdatus, Correapondenebl. Naturw. Ver. Regena* 
btug, Jabrg. 38, p. 129, 1884. — Fiughautexeznplar von KhamphorhynchuB, Geogn. Jabreah. 
Munchen, vol. xxi., p. 226, 1909. — Broili, P\, Rhampfiorhynchua mit Beaten von Sohwiimnbaut 
. . . mit Sptiren von Haarbedecknng. Sltzungab. Bay. Akad. Wias., math.-naturw. Abt., 1927, 
pp. 29, 49. — Dbderlein, Z., Rhamplm'hyn<gtu8 und sein Schwanzaegel, Zee. cit, 1929, p. 1. — 
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produced and acuminate ; teeth large, irregular, inclined forwards, and not 
extending to anterior end of the jaws. Orbit very large, with sclerotic ring ; 
narial opening and antorbital vacuity very small. Four sacral and upwards 
of forty caudal vertebrae. Sternal keel extending downwards as a slender 
process; scapula and coracoid usually fused. Prepubis in the form of a 
slender bar, bent inwards nearly at right angles to meet its fellow with 
which it fuses in a median symphysis. Fifth toe with three i)halanges. 
Ji\ gemmingi v. Mey., and larger species with skull sometimes 20 cm. long. 
Upper tTurassic (Lithographic Stone); Bavaria and Wiirtemberg. Fragments 
in Upper Jurassic of Tendaguru, Tanganyika Territory, E. Africa. 

1 Doratorhynchus Seeley. Purbeck Beds. 


Sub-Order 2. OENITHOCHEIBOIDEA. (Pterodactyloidm F. Plicninger.) 

Teeth often reduced^ mfietim.es absent ; eTiernal narial iqmiing almost or com- 
pletely united with antorUtal vacuity, and this sometimes with orbit. No cervical 
ribs. Tail shmi ; wmg-m,etacarpal longer or little shorter than forearm ; ffth digit 
of pes vestigial, usually without phalanges. 

The members of this Sub-Order vary greatly in size, some being no larger 
than a sparrow, and the largest having a wing expanse of nearly 6 m. 
Beginning in the Upper Jurassic, the group culminated in the Upper 
Cretaceous, and became extinct before the close of that period. It probably 
includes all known forms of Cretaceous Pterosaurs. 


Family 1. Pterodactylidae.^ 

Skull with very small lateral temporal vaemties, and large external narial 
opening incompletely separated from ths antorbital vacuity. Teeth extending to 
extremity of jaws. Anterior doi'sal vertebrae not fused, without supranewal plate. 
Coracoid and scapula separated, the distal end of the latter spatulate, ami not 
articulating with vertebral column. Elements of carpus and tarsus distinct. 
Upper Jurassic. 


Oibmre, C. W., Skeleton of Phauipkorhynchus gemmimji. Proc. U.S. Nat. Mus., vol. xxx., 
p. 607, 1906. — Kremmling, W., Rhamphorhynchm gemmingi. Nova Acta K. Leop. -Carol. Akad. 
Halle, vol. xevi., p. 349, loi'i. — Afarsh., O. €., Wings of Pterodactyles {Rhamphorhynchus 
phyllunoi], Amer. Journ. JSci., vol. xxiii., p. 251, 1882. — Meyer, //. von, Rkamphorhynchvs 
gemmingi. Palaeontogr. , vol. i., p, 1, 1846, and vol. vii., p. 79, 1860. — Stromer, E., Kekon- 
struktiouen des Flugeauriers Rhamphorhynchm getmningi. Neiies Jalirb. f. Min., etc,, 1913, 
vol. il., p. 49. Also Monatsb. Deatsch. Geol. Ges., vol. Ixii., p. 85, 1910, — Wafiderer, K., 
RfMmphorhynchus gemmingi. Palaeontogr., vol. Iv,, p. 195, 1908. — Wiman, C., Palaeobiologica, 
vol. i., p. 365, 1928. — Woodward, A. N.,Two Skulls of Rhamph orb ynchus. Ann. Mag. Nat. Hist. 
[7], vol. ix., p. i., 1902. 

* Abel, 0., Skeleton of Ptorottactylvs anUquus with remains of Skin ami Musculature. Amer. 
Mus. Novit, no. 192, 1925. — Rroili, F., IHerodactylns miervnyr. Zeitschr. Deutsch. Geol. Ges., 
vol. Ixiv., Abh,, p. 492, 1912. — Pterodactyl us mit Resteii der Flugliaut. Sitzungsb. Bay. Akad. 
Wigs., math.-naturw. Abt., 1926, p. 28. — Otenochasma gracile Oppel. Geogn. Jahresh. Mlinchen, 
Jabrg. 1916/17, p. 299, 1919. — DCderlein, L., Pterodaciybis niit Kehlsack uiid Schwimmhaut. 
Sitzungsb, Bay. Aicad. Wiss., math.-naturw. Abt., 1929, p. 65. — Fraas, 0., Pterodactylvs 
suevieua. Palaeontogr., vol. xxv., p. 163, 1878. — Hqfker, J., Pterodactylvs longirostris. K. Akad. 
Wetensch. Amsterdam, vol. xxx., p. 344, 1922.— -Meyer, H. von, Pterodactylvs spectahilis, 
P, micronyx. Palaeontogr., vol. x., pp. 1, 47, 1861—62. — Qvenstedt, F. A., Pterodactylus 
suevicua. Tubingen, 1856. — Wiman, C., Pterodactylus westmani uiid aiulere Flugsaurier. Bull, 
Geol. Inst. Upsala, vol, xx., p, 1, 1925 ; also Palaeobiologica, vol, i., p..366, 1928. 
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Pierodactylus Cuvier (Omithocephalus Sommering ; DiopecephaluSy Cycno- 
rhamphns Seeley; Pteiwdracon Lyd.) (Figs. 511, 515, 516). Occiput convex 
and bird-like. Teeth are small, stout and conical, upright. Four or five 
sacral vertebrae. All the metacarpals articulate with the carpus. The 
prepubis is expanded distally. The hind limbs are comparatively large, and 
the fifth metatarsal bears one phalange. Represented by numerous species 



Fio. 515. Kin. 5115. 

PUrodofiylu!^ elegans^ Stoner, Li tho^i'aptiic Stone ; PUtrodai^ybis tji^ectahUis "H, v. Meyer. Litliogrnphic 

Eichstadt, Uavaria. Nat, size. Stone ; Eiclistadi, Bavaria. 3/^ iiat. aize (after H. v. Meyei 


varying in size between that of a sparrow and that of an eagle. The best 
preserved skeletons occur in the Lithographic Stone of Bavaria, Wurtemberg, 
and Cerin, France. Certain detached fragments from the Kimmeridge and 
Oxford Clay of England, and from the Upper Jurassic of Tendaguru, Tangan- 
yika Territory, E. Africa, are perhaps referable to this genus. 

? Ctenochama H. von Meyer. Teeth extremely numerous, almost bristle- 
shaped, inclined outwards. Upper Jurassic (Lithographic Stone) and 
Wealden; Germany. 

? Gmthosaurus Munster. Lithographic Stone ; Bavaria. 

Family 2. Omithooheiridae.^ 

External narial opening usmlly confluent with antorbital vacuity. Teethy when 
presmty restricted to anterior portion of the jaws. Pectoral arch strongy coracoids 

^ Satont G, F., Characters of Pteranodon. Amer, Joorn. ScL, vol. xvi., p. 82, 1208, and vol. 
xvii., p, 318, 1904. — Osteology of Pteranodon. Mem. Connecticut Acad. 8ci., vol. i1., p. 1, 1910. 
— OUmoret C, W.y JJew Pterosanriau from Marine Cretaceous of Oregon. Proc. U.S. Nat Mas., 
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and scapulae firmly fused ; the former articulating with the sternum, and the latter 
usually by a large oblique facet with a supraneural plate above the cobssified 
anterior dorsal vertebrae {notarium), Metacarpals of digits ii to iv not reaching 
the carpus but merely splints on the wing-metacarpal. Froximul tarsals fused with 
the tibia. Cretaceous. 

This family includes the largest known Pterosaurs, their wing expanse 
varying between 1*5 and 6 ra. In these highly specialised forms the anterior 
extremities attained their greatest power, while the posterior pair were 
weakened, and probably of slight use as locomotive organs. 

Pteranodon Marsh (Fig. 517). Skull considerably elongated, with slender, 
pointed, toothless jaws, and a long thin supraoccipital crest. Sclerotic ring 
present. Sternum keelless, but with a stout anterior median projection. 



Fm5. f.17. 

Ke.storation of skeleton of Pteranruion by Eaton, much reduced ; limbs of the right side omitted. 
Niobi-ara Cr<itaceou.s ; Kansas. 


Seven sacral vertebrae. Anterior ribs stout, coossified with their centra. 
Carpus composed of three bones in two rows. Prepubes band-like, coossified 
in the middle. Hind limbs relatively small ; femur short and curved, with a 

vol. 73, art. 24, \^‘2S.—JIooley, R. ir., Skeleton of Ornithodesmus htidens. Quart. Journ. 
Geol. Soc., vol. Ixix., p. 372, l^l^.—Omithocheirm. Ann. Mag. Nat. Hist. [8], vol, xiii., p. 529, 
1914. — Marshy O. C., Skull of Pteranodon. Anier. Joum. Sci., vol, xxvii., p. 423, 1884. Earlier 
notes loc. cU., vol. I, p. 472, 1871 ; vol. iti., p. 241, 1872 ; vol. xi., p. 507, 1876 ; vol. xii., p. 479, 
1876; vol. xxi., p. 342, 1881.-— R., Keptilia of Cretiiceous Formations, pt. i., 1861, and 
Suppl. i., 1859. Also Reptllia of Mesozoic Formations, pt. i., 1874. Mon. Palaeontogr. Soc. — 
WUliaton, 3. W., Kansas Pterodactyls. Kansas Univ. Quarterly, vol. i., p. 12, 1892, and vol. ii., 
p. 79, 1893. — Restoration of Omifhostoma {Pteranodon). Loc, cit., vol. vi,, p. 35, 1897. — 
Skeleton ot Nyctodaeiyl'M, with Restoration. Amer. Journ. Anat., vol. i., p. 297, 1902. — Skull of 
Nyclodactylus, Journ. Geol.. vol. x., p. 620, 1902.— Osteology of Nyctmaurus {Nyctodactylua), 
etc. Field Columbian Mus., Chicago, publ. 78, 1903.— Wing Finger of Pteiwlactyls, with Restora- 
tion of R)/etomurus. Jonm, Geol., vol. xix., p. 696, 1911. — Wivfian, (7., Pteranodon. Bull, 
Geol. Inst. Upsala, vol. xviii., p. 9, 1920. 
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small trochanter ; no separate fibula ; tarsus consisting of two free bones in 
a single row. Fifth digit represented by a small claw-like metatarsal; median 
phalanges of second, third, and fourth digits very short; first and second 
digits without claws. I\ occidenfalis Marsh, with span of wing about 6 m., 
and other species. Niobrara Cretaceous ; Kansas. Fragments in marine 
Cretaceous, Wheeler County, Oregon. Also Russia. 

Ornithodoma Seeley, founded on pieces of jaws from the Cambridge Green- 
sand, does not differ generically from Pteranodon so far as known. 

Ntfdosaurus Marsh (Nyctodadylus Marsh) (Fig. 518). As Pteranodon, 
but without supraoccipital crest, and the scapula not articulating with the 
notarium. Seven cervical, twelve dorsal, six sacral, and ten to fourteen caudal 



Fio. 518. 

Nyctoaaurus graoilis Marsli. Niobiarn ('rrUicoutis ; Kansas. KiwUn'ation of skeleton by Williston. V» size. 


vertebrae. N, gracilis Marsh, with span of wings about 2 m. Niobrara 
Cretaceous ; Kansas. 

Ornitkocheirus Seeley. Similar in all essential respects to Pteranodon, 
except for the presence of well-developed teeth in both jaws. Front teeth 
directed forwards. Known only by fragments. Cambridge Greensand ; 
England. 

Criorhynchus Owen (Colohorhynchus Owen). Snout deep and truncated, 
teeth inserted vertically, C. simus Owen. Cambridge Greensand. Also 
Wealden species. 

Lonchodedes, Amhlydedes Hooley. English Cretaceous. Palaeornis Mantell. 
English Wealden. 

Dermodactylm Marsh. Upper Jurassic or Lower Cretaceous (Morrison 
Beds); Wyoming. 

OrriUhodesmus Seeley. Antorbital vacuity separated by very narrow bar 
from narial opening. Orbit remarkably small, well behind the quadrate 
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articulation for the lower jaw. Teeth much laterally compressed, in 
regular series confined to the end of the snout. No supraoccipital crest. 
Scapula articulating with the notarium, which consists of six vertebrae. 
0, latidens Seeley, with skull half a metre long. Wealden ; Isle of 
Wight. 

Some wing-bones from the Upper Cretaceous of Bohemia, described as 
Crefornis hlavatschi Fritsch, probably belong to one of the foregoing genera. 
A small Pterosaurian quadrate bone is also known from the Lower Cretaceous 
of Bahia, Brazil. 

Bangre and Distribution of the Pterosauria. 

The earliest undoubted remains of Pterosaurs occur in the Lower Jurassic 
of Euroi)e, and nothing is known of their ancestors, though Sderomochlus (see 
p. 378) is sometimes regarded as the possible survivor of a group from which 
they might have originated. The Lower Jurassic genera, which are repre- 
sented by well-preserved skeletons in the European Lias, are completely 
adapted for flight, and have a long tail which is still retained by one family 
in the Upper Jurassic. Small short-tailed forms also appear in the Upper 
Jurassic, and they agree with their long-tailed contemporaries in having the 
three clawed wing-digits complete to the base, and the scapula not supported 
by contact with the backbone. The Jurassic Pterosaurs are scarcely known 
beyond western Europe. The Cretaceous Pterosaurs are much more widely 
distributed, and some of the best -preserved skeletons occur in the Chalk 
of North America. They are all short-tailed, and some are remarkable 
for their gigantic size, these being the largest known flying animals. In 
the latest genera of the Order, the metacarpals of the three clawed digits 
of the hand are reduced to splints which are fixed to the stout wing-meta- 
carpal ; and the upper end of the scapula is supported by contact with a 
mass of fused anterior dorsal vertebrae. The hind limbs are especially weak, 
and the fibula almost disappears. The jaws are often toothless. When the 
Pterosaurs included some of the largest forms with the widest geographical 
distribution, at the end of the Cretaceous period, they rapidly became 
extinct. 

Although Pterosaurs exhibit a number of avian resemblances, they cannot 
be regarded as the ancestors of birds, and are, in fact, even more widely 
separated from them than from other Orders of reptiles. 


Bangre and Distribution of Fossil Beptiles. 

The earliest known remains of undoubted reptiles occur in Lower Permian 
formations, but they belong to groups which are so varied and so widely 
spread that they cannot represent the beginning of the Class. Future dis- 
coveries in still older formations must reveal more generalised ancestors. 
Nevertheless, some of the Permian Cotylosauria are so closely similar to the 
Stegocephalian Temnospondyli, that they at least may be regarded as reptiles 
of the most primitive type. They are found most abundantly and in greatest 
variety in the rod beds of the Permian in North America, but they also occur 
in corresponding rocks in N.W. Russia and in the lower part of the Karroo 
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Formation in South Africa,^ besides more sporadically in sandstones near Elgin, 
Scotland, and in the Rothliegendes of Germany. 

Throughout the Permian formations the Cotylosauria are associated with a 
varied series of land reptiles of the Order Therommyha^ which seem to include 
the ancestors of the mammals. In North America the least mammal dike 
Pelycosauria are most abundant, in Europe they are rare. In the Karroo 
Formation in South Africa the heavy Dinocephalia and Dicynodmdia are very 
numerous; the former are also found in the Ural, Russia, and the latter in 
India, N.W. Russia, Scotland, and perhaps in America. In the Karroo Forma- 
tion the little lizard-shaped Dromasaaria occur, and the llterocephalia represent 
the first definite approach to the Mammalia, There are also the small 
Araeoscelidia, which are best known from North America, but seem to occur in 
Europe and may perhaps be related to the ancestry of the aquatic Ichthyosauria 
and Sauropterygia, The small amphibious or aquatic reptiles of the Order 
Mesosaaria^ wliich are found both in Brazil and in South Africa, have actually 
been regarded as ancestral Ichthyosauria, The Eosuchia from the Karroo 
Formation of South Africa are probably forerunners of the Crocodilia, and 
include the aquatic Tangasaumias which also occur in Madagascar. 

In the Triassic the Cotylosauria are nearly extinct, being represented only 
by the specialised family of Procolophonidae^ which, however, is widely distri- 
buted in South Africa, Europe, and North America. Tlie Theromorpha now 
comprise chiefly the Cynodontia^ which are most numerous in South Africa but 
are also known from N.W. Russia and Brazil. All the larger species become 
extinct before the end of the period, but the smaller forms which seem most 
nearly to approach the mammals linger at least until the Rhaetic. Ichthyosauria 
and Sauropterygia retaining many traces of their land -an cos tors occur in marine 
deposits, the former especially in California, Spitzbergen, and south-central 
Europe, the latter only in Europe and Syria. Most of these Triassic forms 
are comparatively small. With the ancestral Sauropterygia are associated the 
armoured Placodontia, The first Chelonia appear in the Upper Keuj)er of 
Germany, with most of their distinctive features already well developed. , The 
Diapsidan reptiles now begin to predominate, including early groups of 
Rhynchocephalia, apparent ancestors of the Crocodilia and Dmosauria^ and large 
species of Saurischian Dinosauna. Most of the Rhynchocephalia belong to a 
primitive family, the Rhynchosauridae, found in Europe, India, and southern 


^ According to R. Broom and S. H. Haughton, the Karroo Formation of South Africa may be 
subdivided in descending order as follows ; 
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Brazil. Closely related to them appear to be the aquatic Thalattosaurulae from 
California. The Thecodontia probably include the ancestors of both the 
Crocodilia and the IHnosauria. Of these the Pelycosimia are definitely knoMm 
only from the Karroo Formation of South Africa, while the Farasuchia have 
never been found there, only in Europe and North America where well- 
preserved remains are abundant. The Thecodont Pseudosuchia are more widely 
spread in South Africa, Europe, and North America, and one of the latest 
genera (Sphenosuchus) is almost a typical Crocodilian. Nearly all the Triassic 
Dimsauria are carnivorous Saurischians of the Sub-Order Theropoda, and some 
of them seem to be related to the ancestors of the Sauropoda, Many of them 
are comparatively small, but some are unexpectedly large, and their distribu- 
tion is very wide — Europe, India, South Africa, Australia, and North America. 
Of Ornithischian Dinosauria only a few unsatisfactory si)ecimens have been 
found in North America and South Africa. Many Iriassic Dinosauria are 
known only by footprints, especially in North America. 

In the Jurassic there are no longer Theromorpha and Thecodontia, The other 
Orders are re])resented by more advanced and more numerous families, and 
the Crocodilia and Pterosauria first appear. Typicid Ichihyosauria and Plesiosauria 
are abundant, ranging from the Lower Lias upwards in Europe, with a few 
specialised forms in the later Jurassic rocks of North America. Some Upper 
Liassic lehthyosauria and the Oxfordian and Kimmeridgian Fliosanridae attain 
a gigantic size. The Lower Jurassic Chelonia remain still unknown, but there 
are several Upper Jurassic genera in Europe, a few in North America, all 
belonging either to the primitive Amphichelydia or to the Fleurodira, The 
Upper Jurassic Ehynchocephalia are closely similar to the existing Splienodony 
though some may have been more aquatic. The Squamafa are very doubtfully 
represented. The Crocodilia, which range from the Upper Lias upwards in 
Europe, belong to the Mcsosuchian grade and are nearly all marine. One 
genus (Steneosaurus) is also known from the Middle Jurassic of Madagascar, 
and the marsh-dwelling Gonioplmlis appears first in the Purbcck Beds of 
England and the Upper Jurassic of North America. The Metriorhynchidae are 
crocodiles adapted for life in the open ocean, and occur in the Middle and 
Upper Jurassic not only of Europe but also of Patagonia, South America. 
The Dinosauria are widely distributed and attain their greatest development 
at the end of the Jurassic period. The Theropoda range from the Lower Lias 
upwards in Europe, and are represented by fine skeletons in the Upper Jurassic 
of North America. They are known to have lived also in Australia. The 
Sauropoda include gigantic species in the Middle and Upper Jurassic of Europe, 
the Upper Jurassic of Tanganyika Territory, Africa, and North America, and 
the Jurassic of Madagascar and Queensland, Australia. The armoured 
Orthopoda begin with Sedidosaurus in the Lower Lias of southern England, but 
are especially characteristic of the Middle and Upper Jurassic in Europe and 
North America, and also occur in the Upper Jurassic of Tanganyika Territory, 
Africa. The Iguanodont Orthopoda also appear in the English Oxford Clay, 
are well known in the Upper Jurassic of North America and Tanganyika 
Territory, Africa, and seem to be represented by Igmnodon itself in the English 
Purbeck Beds. The oldest known Pterosauiia occur as good skeletons in the 
Lower Lias of Lyme Regis, England, and remains of other genera are well 
preserved in the Upper Lias of Wiirtemberg and Bavaria. These are all long- 
tailed forms, and so also is the Upper Jurassic llhamplwrhynchus ; but with the 
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latter is associated the earliest short*tailed Pterodactyl, Piermloctjilns itself, 
which is represented by comparatively small s])ecies. Jurassic Pterodactyls 
are scarcely known outside Europe, but a few fragments have been found in 
the Tendagurii beds in Tanganyika Territory, Africa. 

Through the estuarine Wealden Formation of western Europe and equiva- 
lent deposits in North America, Tanganyika Territory, and China, the Jurassic 
reptiles pass gradually into those of the Lower Cretaceous period. The 
division between the Upper Jurassic and Lower Cretaceous estuarine and 
fluviatile deposits is, indeed, difficult to determine. The Ichihifosauria and 
Flesiosauria have now a wider geographical distribution. The Chelonui are 
still chiefly Amphichehjdia and Pleurodira^ but Cryptodiran marine turtles begin 
to occur in China and Australia. Undoubted Squamaia are found for the first 
time, both the marine DoUchostxuridae and primitive Ojdddia being represented 
by complete skeletons in the Neocomian of S.E. Europe. The marsh Crocodiliu 
of the family GoxiiophoMm are specially characteristic of the Phiropean Wealden, 
and have been found in a similar formation in Bahia, Brazil. Marine crocodiles 
of the family Metriorhffnehidae range upw^ards iiito the Neocomian of France 
and Germany. Small Eusuchian Orocodilut with procoelous vertebrae also 
begin to appear in the Wealden. The IHnomnria are essentially similar to 
those of the Upper Jurassic, and include gigantic Sauropoda in Europe, 
Tanganyika Territory, Brazil, and Argentina. The curious Orthopodous 
Pdttacosauridae occur in Mongolia, and Iguaiiodon is specially characteristic of 
the European Wealden. Among Pterosauria, the highly specialised Oniiiho- 
chciridae are represented by Ornithodemnus in the English Wealden. 

The Upper Cretaceous land reptiles are best known from North America, 
but good examples of the marine groups are more widely spread. The 
Ichthyosauria are fewer than in the Jurassic, but they range from Europe to 
India, Ceram, Australia, New Zealand, and North and South America. Among 
Plesiosaurifi the long necked Elasmosauridae are almost as widely distributed. 
Marine Cryptodiran Chelonia now abound, and are particularly well known 
from North America. They include apparently the ancestors of the 
Dermochelf/idae. Among other Chelonia the earliest Trionychoidea are especially 
interesting in the fluviatile and land deposits in North America. The 
Rhynchocephalia are represented by the marine Champsosanridae both in Europe 
and North America ; and large marine Sfjmrnata, known as Mosasaurs or 
Pyihonomorjdiaf range from Europe to Palestine, Nigeria, South Africa, North 
and South America, and New Zealand. They are the characteristic marine 
reptiles of the period. Among Crocodilia there are still Mesosuchians, which 
include the short-snouted Notosmhidas in Patagonia and Egypt ; but the 
Eusuchians now become important, and primitive Tmnistomidae occur in marine 
formations both in Europe and in North America. The unique pelican-jawed 
Stomatosmhidae are noteworthy in northern Africa. Dinosauria of all groups 
are still widely distributed, and most of them are highly specialised in various 
ways. One assemblage of comparatively small and generalised forms in the 
Danian of Transylvania is considered by Nopesa to have been isolated from 
an earlier period on an island. Among Tlm'cypoda the small Coeluridae still 
occur in Canada and Mongolia, while the Dinodontidae are known by fine 
skeletons in North America and by fragments from Patagonia, New South 
Wales, Madagascar, N. Africa, and France. The OrnitJmnimidae are also 
found in both the Old and New World. Among Sauropoda the Titanosauridae 
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are specially characteristic of the Upper Cretaceous, and are widely distri* 
bated in Europe, India, Madagascar, S. Africa, New Mexico, Brazil, and 
Patagonia. Of the Ortliojtoda^ the Hi/jmlojthodontidae survive in North America, 
and the Iguanodmtidae are rare in Europe and S. Africa. The more aquatic 
Trachodontidae are abundant, and range from North America to Europe, Siberia, 
and China. The armoured Acanthojfholuiae and Nodosauridae^ though best 
represented in North America, are also found in Europe, S. Africa, and 
perhaps Argentina. There arc primitive Ceratopsians in both North America 
and Mongolia, and the highly specialised Cemfojtsidae are exclusively American. 
The Pterosauria are represented only by the Ornithocheiridae, which occur in 
both Europe and North America, and are often toothless and of gigantic size. 

At the beginning of the Tertiary period, all the characteristic Mesozoic 
reptiles became extinct, except some rare Mesosuchian Cromlilia^ which lived 
in Africa in the Lower Eocene, and certain Rhynchocephalians of the aquatic 
family Champsosaiiridae, which survived in both North America and Europe 
until the end of the Lower Eocene. One small lizard-shaped Rhynchocephalian 
(Sphenodon) became isolated in the New Zealand region, where it has lived 
until the }>resent day. The Chelonia, Lacertilia^ Ojthidia, and Crocodilia had a 
wider geographical distribution than they have in the existing world, and 
some of the extinct species are larger than any now living. So far as can be 
discovered from fragmentary fossils, however, these reptiles have undergone 
little change since the beginning of the Tertiary period. Large sea-snakes 
are specially characteristic of the Eocene. Typical leathery turtles {Dermo- 
chelyidae) range from the Eocene onwards. Until the Miocene, alligators were 
almost as abundant in Europe as in America, and both alligators and croco- 
diles lived as far north as central Europe. 

Class 4. AVES. Biids.^ 

Feathered^ warm-blooded, oviparous rertehrates with chambers of the heart 
completely separated, A 4ngle Oi'cipital comlyle ; the quadrate free. The fore limbs 

^ Ameghino, F., Sur les Oiseaiix fossiles de Patagoiiie. Bol. Inst. Geogr. Argent., vol. xv., 
p. 501, 1895. — lieebe^ 0. ir., A Tetrapteryx Stage in the Ancestry of Birds. Zoologica (New 
York Zool. Soc.), vol. ii., no. 2, \915. —Ikdcfarcf, F. The structure and classification of Bird8. 
Loudon, 1898. — F'drhringer, A/., Untcrsuchungcn zur Morphologic und Systcniatik der Vogel. 
Amsterdam, 1888. — Oaillard, C., Les Oiseaux des Phosphorites du Queroy. Ann. Univ. Lyon, 
n.s., Sciences, etc., fasc. 2.3, 1908. — Gregory, IP. K., Tlieories of the Origin of Birds. Ann. New 
York Acad. Sci., vol. xxvii., p. 31, 1916. — Hankhu F, //., Development of Animal Flight. Aero- 
nautical Journal, Jan. 1912. — Heilmann, O., The Origin of Birds. London, 1925. — Hiudey, T. /f., 
On the classification of Birds. Proc, Zool. Soc., 1867, p. 415. — Lamhrecht, K., Geschichte und 
Bibliographic der Palsio-oruithologie. Aquila (Budapest), vol. xxiii., p. 483, 1916. — Fossilium 
Catalogus : Aves, 1921. — Fortschritte der Palaeo-Ornithologie. Proc. VII. Internet. Ornithol. 
Congress, p. 73 1930. — Lydekkery 7f., Catalogue of fossil birds in the British Museum. London, 
1891. — Marshy 0. C.y Odontornithes : a monograph of the extinct toothed Birds of North America. 
Washington, 1880. — Meyer, A, B., Abbildungen von Vogel-Skeleten. Dresden, 1879-90. — Milne- 
EdvxirdSy A., Recherches anatomiques et palcontologiques pour servir iV I’histoire des oiseaux 
fossiles de la France. Paris, 1867-72. — Miller, L. //., The Birds of Rancho La Brea. Public. 
Carnegie Inst. Washington, no. 349, art. 5, 1925. — Avian Remains from the Miocene of Lompoc, 
California. Ibid,, 1925. — Also papers chiefiy in Bull. Dept. Geol. Univ. Calif., from 1909 onwards. — 
Newton^ A., Dictionary of Birds. London, 1893-96 . — Nopesay F., Ideas on the Origin of Flight. 
Proc. Zool. Soc., 1907, p. 223. — Origin of Flight in Birds. Loc. cit., 1923, p. 463. — Noch einmal 
Proavis. Anat. Anzeig., vol. 67, p. 241, 1929.— Py craft, TP. P., Contributions to the osteology of Birds. 
Proc. Zool. Soc., 1898-1900. — Selenka, E., and Gadma, H., Aves, in Broun 's Classen und Ordnungen 
des Thierreichs, 1 869-91 . — Shifeldt, R. W. , Myology of the Raven. London, 1 890. — Fossil Birds in 
the Marsh Collection of Yale University. Trans, Connecticut Acad. Sci., vol, xix., p. 1, 1915.— Also 
papers in American journals, 1881-1920. — JVefmore, A., Birds of the Past in North America. 
Smithsonian Report for 1928, p. 377, 1929. — Also papers in American journals, from 1917 onwards. 
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modified into wings. Proximal tarsals fused with tibia to form a tihiodarsus; 
metapodial hones fused with one another^ ami with the distal tarsals to form a tarso- 
metatarsus. Fifth digit of the pes always absent. 

Of all Classes of vertebrates, birds constitute the most homogeneous and 
narrowly circumscribed group, and exhibit everywhere the most remarkable 
uniformity. Descended without question from reptiles, their affinities with 
that Class are so intimate that Huxley included them both under the common 
designation of Sauropsida. This proposed merging of the two Classes, however, 
is hardly compatible with such distinguishing characters as the epidermal 
covering of feathers, heterocoelous vertebrae, and warm blood. 

The exoskeleton of birds consists of feathers, the horny covering of the beak, 
claws, and spurs, and certain horny plates often found on the tarsus and 
feet. Except in penguins, the feathers do not cover the body uniformly, but 
are arranged in cert*ain definite tracts (pterylae)^ between which are bare 
spaces (ajiferia). These apteria are best seen on the abdomen and on the 
sides of the neck in many birds. Although struthious birds are also com- 
monly said to be uniformly covered with feathers, Pycraft has shown the 
presence of small apteria in most species. Under exceptionally favourable 
conditions, as in the Lithographic Stone of Bavaria, and the Green River 
Eocene of Wyoming, imprints of feathers may be preserved in the rocks. 

The skeleton of birds is remarkable for its combination of compactness and 
lightness, and for its pneumaticity, or permeation by air cavities. The walls 
of the bones are very thin, but of dense texture, owing to their richness in 
calcium phosphate. In young birds the cavities of the long bones are filled 
with marrow, and this mB.y persist in some bones throughout life, as in 
several water-birds ; on the other hand, the marrow may disappear and 
the interstices become filled with air, as in the long bones of birds which 
sail or soar, and many others ; finally, the long bones may be completely 
filled with spongy bone or cancellar tissue, as in penguins. The skull, 
humerus, and femur are pneumatic in the majority of birds. 

The vertebral column of birds is divisible into cervical, dorsal, sacral, and 
caudal regions, but the sacrum or synsacrum of birds is a complex mass of 
vertebrae not comparable as a whole with the sacrum of other vertebrates. 
The vertebrae are remarkable for their peculiar saddle-shaped articulations 
{heterocoelous), which allow great freedom of movement. In the Mesozoic 
Archaeopteryx and Ichthyornis the centra are slightly amphicoelous, as in modern 
embryonic birds and in some of the caudal vertebrae of adults. Opisthocoelous 
vertebrae occur among the dorsals of penguins and a few other birds, such 
as cormorants and gulls ; but the atlas is the only precocious vertebra in the 
backbone of birds. 

The cervical region (Fig. 519) consists of from thirteen to twenty-five 
vertebrae, the commonest number being fourteen or fifteen. The centra are 
mostly elongate and freely movable upon one another, except that in horn- 
bills the atlas and axis may unite, and in a few other birds, the tinamous 
for example, the last cervical may fuse with the dorsals. The dorsal 
vertebrae (Fig. 520) number from six to ten, the first of the series being 
always the first vertebra connected with the sternum by a dorsal and sternal 
rib. The dorsal series includes also those rib-bearing vertebrae which are 
united with the sacrum, and the number of free dorsals is much less, being 
as few as three in Petroica, only seven in the long-bodied grebe, and eight 
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in the crested anklet. The .centra of these vertebrae are comparatively 
short. 

In water-birds (e,g. penguins and some auks) all the presacral vertebrae 
may be free, though their motion is restricted ; but usually from two to four 
of the dorsals are fused to stiffen the trunk for flight, one free vertebra being 


A B 



Fio. 510. 

Ihniiicrornis regal ix Marsh. Upp<*r Cr*‘tAeoous ; Kansas. Anterior (A), and pf)sterior (/i), aspect of thirteenth 
cervical vertebra, d, transveise process ; /, costiil canal f»)r verti'bral artery ; neural canal ; p, para- 
pophyais ; k, rudimentary neui al spine ; y, anterior and iH>sterior zyK'a]K>i>hyses. Nat. size (aft^?! Marsh). 



left between these and the synsacrum. The latter is a very complex bone, 
usually composed in the adult of dorsal, lumbar, sacral, and caudal vertebrae 
united in one solid mass, as many as twenty* vertebrae taking part in its 
formation. The true sacrals are those two lying behind the cavity containing 
the kidneys, having transverse processes and sacral ribs reaching from their 
centra to the ilia. The rib-like nautre of these processes may be seen in 
embryos, particularly of the ostrich, which 
as well as the apteryx has three sacrals. 

Most of the vertebrae in the synsacrum 
are united with the ilia by diapophyses, 
or transverse processes, given off from 
the neural arch. The anchylosed verte- 
brae behind the true sacrals are the 
urosacrals, and belong to the caudal series; 
their number may vary slightly within 
specific limits. The free caudals in exist- 
ing birds usually number about six, besides 
the terminal ploughshare-bone or pygo- 
style, which is composed of from four to six fused vertebrae. In the Jurassic 
Archaeopteryx there were at least twenty free and long caudals with a pair of 
rectrices to each vertebra. 

All the presacral vertebrae except the atlas usually bear ribs which may 
be present also on the anterior two or three sacrals ; those of the cervical 
region fuse with the vertebrae, except the last two or three. The true 
character of the cervical processes thus formed may be seen in embryos, 
especially in the young ostrich, where they remain for some time free, as 
they did permanently in Archaeopteryx. Nearly always the last cervical rib 
and all the thoracic ribs except the last one or two bear an uncinate process, 
or thin flat blade of bone directed obliquely upward and backward to overlap 
the succeeding rib. These processes usually unite with the ribs, but in some 


Fio. 520. 

HtsperornU regalis Marsh. Upper Cretaceous ; 
Kan.sa 8 . Lateral iA\ and anterior (/i), aspects of 
dorsal vertebra. 1/2 nat. size (afU^r Marsh). 
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cases (Moas and many water-birds) they remain free. They are .absent in 
the screamers, Chauna and Falamedeay while they are vestigial in the secretary 
bird. Appended to the thoracic ribs are sternal ribs, from two to five pairs 
of which are attached to the sternum. 

A sternum is always present, and this is externally convex and generally 
broad. It may cover only the anterior portion of the thorax, or may be so 
prolonged, as in water-birds, that its posterior end underlies the pelvis, or 
extends nearly to the pubes, as in humming-birds, 
those which use their wings in swimming, as the 
penguins and auks, the sternum is keeled beneath ; 
but in flightless birds (Ratites) it may be without 
keel. The anterior end may or may not bear a 
manubrial process, the posterior portion may be 
pointed, rounded, emarginate, or have two or four 


Fi«^. 521. 

Otis tarda Linn. Kcceiit; Burop*', liat^sr.J (.-i), and imlatal (Ji), aspects 
of skull, Vi- alisphciioid ; any, angular ; art, articular ; ht, basitemporal ; 
c, occipital condyle, uiiderncuth loraineii niagnum ; d, dentuiy; et, modiun 
ethmoid ; fr, frontal ; j, jugal ; jmr, premaxi 1 la ; /, lachrymal; -nu', maxilla ; 

N, external nares; oh, basioccipital ; u/, exoccipital ; os, supraoccipital ; 
pa, parietal ; pal, palatine ; pt, pterygoid ; 7 , quadrate ; q.j, qnadrato. 
jugal; iiiterorbital septum ; sjtb, basisplienoid ; «/, squamosal ; ro, vomer 
(after Claus). 

notches, which are sometimes very deep. The coracoids articulate with the 
front portion of the sternum, and immediately behind these are two processes, 
one on either side, known as the costal processes, to which some of the sternal 
ribs are articulated. 

The skull (Fig. 521) is characterised by the early fusion of its constituent 
bones, especially those forming the brain-case where the sutures are com- 
pletely obliterated in the adult. In the tinamous, however, the suture 
between the parietals and frontals seems to remain permanently open. The 
brain-cavity is larger than in reptiles, much exceeding that even of Pterosaurs. 
The cranial osteology is very similar to that of the Diapsifia or ArchosaurtUy 
the chief diff*erence consisting in the constant absence of an upper and 
presence of a lower temporal arch. The large orbits look forward in the 
owls, but are laterally directed in the majority of birds, and except in 
parrots are incompletely enclosed on the inferior margin. A sclerotic ring 
of numerous bony pieces is very generally developed round the eye. An 
antorbital vacuity is present, as in Dinosaurs, Pterosaurs, and Crocodilians, 
close in front of which, near the base of the beak, are placed the paired 
external narial openings. 



In birds of flight or 

It 
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The single occipital condyle, formed mainly by the basioccipital, is 
directed downwards and forwards so that the long axis of the head is 
approximately at right angles to that of the neck. The paired parietals are 
smaller than the large frontals, which form the greater part of the cranial 
roof and upper border of the orbits. Independent postorbitals and post- 
frontals are not developed. The inferior temporal arch, formed by the 
slender jugal and quadrato-jugal, connects the equally slender maxilla with 
the quadrate. 

The squamosal and periotic elements (prootic, epiotic, and opisthotic) fuse 
to form a single bone which is united with the occiiutal and parietals, and 
to which the large quadrate is movably attached. An independent lachrymal 
is often present at the anterior margin of the orbit, and there is an ossified 
or membranous interorbital septum of considerable size. In the anterior 
prolongation of the latter is a vertically placed unpaired ethmoid, which is 
continued in front as a bony or cartilaginous nasal septum. The lateral 
•ethmoids are placed between the orbits and external nares, and are pierced 
for the passage of the olfactory nerves. The greater part of the beak is 
formed by the fused premaxillae, with the sides of which the maxillae are 
fused ; its margins are sheathed with a horny layer, and it is often movably 
connected with the skull. When the mouth is opened, the end of the beak is 
raised by pressure transmitted to it from the quadrate by means of the ptery- 
goid and palatine bones, and more especially by the rod- like quadrato-jugal. 

The bones of the palatal portion of the skull are arranged on two plans. 
In the one the vomer is broad and unites in front with the maxillo-palatines, 
while behind it receives the posterior extremities of the palatines and the 
anterior ends of the pterygoids, which are usually excluded from contact with 
the sphenoidal rostrum. This is the dromaeof/nathous or jfalaeognathous type 
of palate found in struthious birds, the apteryges and tinaraous. In birds 
with this arrangement the head of the quadrate usually has only a single 
articular face, or is but faintly divided into two portions ; and rather long 
basipterygoid processes from the sides of the sphenoid give this bone a some- 
what-cruciform shape. 

In the second type of palate, which may be called the e'lwrnithic or 
neognatfwus, the vomer embraces posteriorly the sphenoidal rostrum between 
the palatines, and these latter articulate with the pterygoids and with the 
rostrum. This arrangement occurs in the large majority of birds, and they 
also have the head of the quadrate double, or with two articular facets. 
Basipterygoid processes are present in some euornithic skulls, but these most 
frequently assume the form of low facets on the sphenoidal rostrum, with 
which the pterygoids are movably articulated. The euornithic type of skull 
is subject to various modifications in the development of the vomer and those 
inwardly directed processes of the maxillae termed the maxillo-palatines. 
When the vomer is pointed in front and entirely free from the maxillo- 
palatines, and these are free from each other, the skull is termed scMzognathous ; 
when the maxillo-palatines are expanded and fused with each other, the vomer 
being small or absent, the skull is desmognathons ; when the vomer is expanded 
in front and free from the maxillo-palatines, and these are slender at their 
point of origin and disjoined, the skull is said to be aegitJwgnaihous, 

The bones bounding the narial openings are arranged in one of two ways, 
named hoht'hinal and schizorhinal. In the holorhinal type the openings are 
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more or less oval, the posterior border curved and lying in advance of the 
posterior ends of the premaxillae. In the schizorhinal type the openings are 
more or less elongate with the posterior border angular or slit-like and lying 
behind the posterior ends of the premaxillae. 

In all modern birds the mandibular rami become fused at an early stage 
into a long symphysis, and only among certain Mesozoic forms (Ichthi/ornis) 
are they united by suture or by ligaments as in reptiles. The six elements of 
which the mandible is composed fuse into a single piece, and there is frequently 
a lateral vacuity behind the dentary and splenial, as in crocodiles. Although 
the earliest known birds have conical teeth in sockets, and dental papillae 
or a dental ridge sometimes occur in the jaws of some modern embryos 
(parrot, ostrich), true teeth are invariably wanting among existing species. 

The ‘})ectoral arch is firmly attached to the thorax to facilitate flight. The 
long blade-like scapula has no ridge, extends along the dorsal side of the 
thoracic ribs, and takes part with the coracoid in the glenoid cavity for the 
head of the humerus. Penguins are exceptional in having the scapula broadly 
expanded posteriorly. The coracoids are stout and pillar-like, their function 
being to receive the downward pull of the wing-muscles during flight. The 
clavicles, which are usually united in a forked bone {fmrula)^ sometimes act 
as supports ; and by their union with the coracoids at the shoulder- joint, and 
with the sternal keel below in the centre, tend to resist the thrust of the 
wing-muscles in flight. In some birds of powerful flight (pigeons, humming- 
birds), however, the clavicles are so weak as to be of no mechanical service. 
Among Ratites and also a few Carinates (toucans, parrots) the clavicles are 
vestigial or wanting, and never unite to form a furcula. The furcula of 
Carinates may anchylose either with the keel of the sternum {Stegampodes) or 
with the coracoids {Oj)isthocomus\ and in the frigate birds with both at once. 

The humerus of Carinates is expanded at both ends, and provided at its 
proximal extremity with a strong pre-axial delto-pectoral ridge for the attach- 
ment of the pectoral muscles. Its articular head is vertically elongated, and 
there is often a pneumatic foramen adjoining it on the inner side. At its 
distal extremity is a prominent oblique condyle on the inner side of the palmar 
aspect for articulation with the radius, but there are never any condylar 
foramina. The humerus of flightless birds is degenerate, and sometimes 
even absent, as in many Moas. In the fore wing, which is generally longer 
than the humerus, the ulna is more strongly developed than the radius, and 
often exhibits a row of tubercles along its lower edge for the attachment of 
the secondaries. The carpus of adult modern birds contains only two bones 
(radiale and ulnare) ; a distal row, however, is indicated in embryos by two 
separate cartilaginous elements, which later become fused with the metacarpals. 
The latter are never more than three in number, are unequally developed, and 
in existing Carinates are more or less completely fused. Metacarpal no. 1 is 
much reduced, and bears one or more, rarely two, short phalanges for the 
support of the so-called bastard wing (alula ) ; the second metacarpal usually 
bears two phalanges and the third, one. The first and second digits are some- 
times clawed (Struthio^ Rhea^ Chauna\ and in Archaeopteryx all three terminate 
in claws. ^ 

The three elements of the pelvis are anchylosed (except in Archaeopteryx)^ 
and usually unite with the synsacrum. In water-birds this union takes place 
somewhat slowly, and in penguins and the great auk not at alL The ilium 
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Fjo. 622. 

Apteryx (tuttfralis Owen. Recent ; New Zeal.'iiul. Left lateral aspect of 
pelvis, a, acetiibuluni : t/, ilium; is, ischium ; p, ilio-pectineal {iroeess ; 
//, pubis. ‘^l4 nnt. size (after Marsh). 


is elongate, and may, as in birds of prey, extend much further in front of the 
acetabulum than be- 
hind it. Ischium and 
pubis are both directed 
backwards. The pubes 
often remain free from 
the ischia, and never 
unite with one another 
to form a symphysis 
except in Archaetyffter/ix 
and the ostrich. Since 
the retroversion of the 
pubis is proved by em- 
bryological researches 
to be a secondary 
modification, no homo- 
logy can exist between 
this and the postpubis 
of Orthopodous Dino- 
saurs, and the processus ilhjfectinealis (Fig. 5*22) must be regarded as a struc- 
ture peculiar to birds alone. 

The femur in birds is short and stout, with the neck 
and head extending inwards into the acetabulum at right 
angles to the shaft. The latter is directed forwards and 
slightly downwards during life, and is concealed beneath the 
flesh and feathers of the abdomen in such a way that the 
knee-joint is not visible externally. Its distal condyles 
are large and antero-posteriorly elongated, and a patella is 
present in most cases. The tibia is a stout bone consider- 
ably longer than the femur. Its exj^anded proximal end 
exhibits a procnemial crest, which may extend above the 
knee-joint ; and the distal extremity has a trochlea-like 
surface, transversely elongated, and slightly hollowed in 
the middle. In young Katites, and in the embryos of 
Carinate birds, the presence of a suture near the distal end 
I II of this bone indicates that an astragalus and calcaneum 

I it are fused with it, thus forming a tibio-tarsus. In the Moas 

1 |l the united astragalus and calcaneum remain for some time 

M II free from the tibia. 

The fibula in birds is a degenerate bone, and best 
• Jlk® developed in the Moas, where, although short, it is stout 
and free. In most bircis it is more or less fused with the 
Fio. 628. tibia, and is longest in the penguins, the fish-hawk, and 

MfHeagru gaiiipavo some owls, where it reaches almost to the ankle-joint. 

distal row of tarsals fuses with the coossified 
young huiiwdmr*'**' metatarsals to form a tarso-metatarsus (Fig. 523). This 
bone is peculiarly characteristic of birds, and its variations, 
together with those of the tibia, cause the differences in the length of the 
leg among different forms, which are sometimes enormous. The fifth meta- 
tarsal is never developed, and the first, when present, is always reduced, 
VOL, n 2 F 
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being attached to the inner side of the tarso -metatarsus by ligament, 
or more rarely by suture. Metatarsals nos. Ji to iv are imporfe^Iy 
united in Archaeopterux, and completely separated in the embryos of mo^rn 
birds ; but in the adult they are always fused into a single bone, although 
the three components are plainly distinguishable in penguins. This meta- 
podial element terminates distally in three pulley -like surfaces for the 
articulation of the phalangeals. Generally the median condyle is thrust 
forward in advance of the other two, and the modilications of this region 
afford important taxonomic characters. There is remarkable constancy in the 
number of phalanges in the toes of birds, the formula being 2, 3, 4, 5 in 
almost all cases whore the full complement of digits is present. The hallux, 
however, is frequently wanting, and in the ostrich only digits nos. lu 
and IV are developed. An apparent exception to the usual formula occurs 
among some swifts and goatsuckers, where owing to fusion of some of the 
phalanges the formula is 2, 3, 3, 3. 

Fossil egg-shells or casts of the same have been obtained from the Cre- 
taceous and various Tertiary horizons, but are naturally much less common than 
bones of the skeleton. They belong for the most part to cursorial or w^ading 
birds. The largest known eggs are those of Aeptfonm^ from the superficial 
deposits of Madagascar, which have a capacity of about eight litres. Foetal 
bones are occasionally found in Moa eggs from New Zealand. Footprints of 
birds are extremely rare. Those of the Moa have been found on old sandy 
beaches in New Zealand, and some three-toed footprints on the Lithographic 
Stone of Bavaria may have been made by AirhaeopterjfX, 

In comparison with the large number of recent species of birds, the known 
fossil forms are few, and most of them are represented by such imperfect fiag- 
ments that the determination of their affinities is difficult. So far as the record 
can be interpreted, nearly all the birds of the Tertiary period were essentially 
like those of the present day, only sometimes differently distributed. The 
few known Mesozoic birds, however, were in several respects more primitive. 
In the Jurassic ArchaeopteryjTy the oldest known bird, the tail had not become 
atrophied, and the teeth were not lost in the adult ; the pelvis was not fully 
developed, and the vertebrae had not yet acquired the saddle-shaped articula- 
tions characteristic of nearly all post- Jurassic forms. 

The scarcity of the fossil remains of birds is explained by the mode of life 
of most of them and their alertness in avoiding danger. Exceptional accumu- 
lations of their bones occur in various cave and fissure deposits (such as the 
Oligocene Phosphorites of Quercy, France), in some lake deposits (such as 
those of Allier, France, and Fossil Lake, Oregon), and in river deposits (such 
as in Santa Cruz, Patagonia). Their remains are also numerous in the asphalt 
of Rancho La Brea, California, which has trapped birds and mammals since 
the Pleistocene period; in the swamps of Madagascar and New Zealand; and 
in the cooking-places of the Aborigines of New Zealand. A few birds have 
even been preserved whole by saturation with petroleum in a marsh at 
Starunia, Galicia, near the Carpathian mountains. 

The existing birds are usually classified in two great groups, the liatitae and 
Carinatae^ the former comprising the ostrich-like running birds with a flat 
sternum, the latter the rest of the birds with a keeled sternum (unless 
degenerate) and well-developed muscles for flight. The Crypturi were 
removed from the Oarimiae by Stejneger and also hy Py craft, who classified 
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them with the Ratitae in a division named Palaeogmthae^ while the remaining 
cari nates formed the Neo- 
ffnathae. Stejiieger and Fiir- 
bringer especially contributed 
to a more satisfactory classifi- 
cation, and F. A. Lucas, in the 
last English edition of this 
Text-book (1902), based on 
their conclusions the arrange- 
ment which is adopted, with 
slight modifications, in the 
following pages. 

Sub’Class 1. 

SAURURAK^ 

Tail feathers arranged in 
jiairs^ one on either side of each 
vertebra in an elongated tail. 

Vertebrae amphicoelous ; cervical 
ribs free ; dm' sal ribs without 
nncinate processes. A bdmninal 
ribs present. Pelvic hones separ- 
ate. Metacarpals separate. 

Each digit with a claw. 

Order 1. 

ARCHABORNITHBS. 

Skull typically bird-like, with 
a series of conical teeth in sockets 
along the margin of the jaws. 

The lizard-like tail longer than 
the presacral portion of the ver- 
tebral column. Remiges and 
rectrices, with their coverts, well 
developed. Upper Jurassic. 

Archaeopteryx H. von 
Meyer {Gryphosaurus Wagner ; 

Archaeornis Petronievics) 

(Fig. 524). This primitive bird is known so far only by three specimens from 



Fio. 524. 


ArrJnieopteryr sh'uwnsi DameH. Lithographic Stone; Bichatadt, 
Bavaria, r, carjMil; d. fnreula ; co, coracoid ; K humerus; r, 
radius; .sr, scapula; u, ulna. Original in Berlin Museum. ^/7 
nat. size (from Steinniann and Ddderlein.) 


^ Danies, ir., Archaeopteryx, Palaeoiit. Abhaudl, , vol. ii., p. 119, 1884. — tlber Briist- 

bein, Schulter- unci Beckengiirtcl tier ArchaeopUt'yx, Sitzungsber. k. prtuss. Akad, Wias , aoI. 
xxxviii., p. 818, 1897. — Edhiger, T., Brain of Archaeopteryx. Ann. Mag. Nat. Hist. [9], vol. 
xviil,, p. 151, 1926. — Jacket, 0., Die Spur eines neuen Urvogels {Proiornis havarica). I'alaeont. 
Zeitschr., vol. xl., p. 201, 1929. — Nnpcsa, F., Bemerkungen zu Petronievics aeiuen Arbeiten liber 
Archaeopteryx. Ann. Geol. Penin. Balkan., vol. viii., p. 105, 1926. — (Jiven, R., On the Archaeo- 
pteryx of von Meyer. Phil. Trans., vol. cliii., p. 33, 1863. — Petronieoios, Ji., Uber das Becken, 
etc., der Londoner ArcJiaenpteryx. Geneva, 1921. — t^ber die Berliner ArchaeornU. Geneva, 
1925. — Nouvelles Rocherchos sur I’ost^^ol^ie des Archaeornithes. Ann. Palcont., vol, xvL, p. 
39, 1928. — Zur Pubisfrage der Archaeornis. Anat. Anzeig., vol. Ixv., p. 342, 1928. — Petronievics, 
B,, and WoodAcanl, A. S., Pectoral and Pelvic Arches of Archaeopieryx. Proc. Zool, Hoc., 1917, 
p, 1. — Pycrei/t, W. P., The Wing of Arctmeopteryx. Nat. Soi., vol. viii., p. 261, 1896. — Seeley, 
U. (it,, Ihrofessor C. Vogt on Archaeopteryx, Geol. Mag. [2], vol. viii., p. 464, 1881. 
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the Lithographic Stone of Bavaria— an isolated feather in the Palaeonto- 
logical Museum, Munich, a skeleton without head and neck in the British 
Museum, and a skeleton including both these parts in the Berlin Museum. 
The two skeletons are generally considered as representing two species, A, 
macrura and A, siememi, and they are regarded by Petronievics as belonging 
to two distinct genera and families. The one skeleton fortunately supple- 
ments the other so that the osteology is well known. Contrary to the usual 
condition among birds, none of the bones appear to have been pneumatic. 

The skull is shaped like that of a typical bird, its constituent elements 
being fused together, and the quadrate apparently free. A sclerotic ring is 
present. There is a series of thirteen conical teeth on each side in the upper 
jaw, fixed probably in distinct sockets ; there are also similar teeth in the 
lower jaw. The vertebral column comprises about fifty vertebrae, of which 
ten or eleven are cervical, eleven or twelve dorsal, two lumbar, seven or eight 
sacral, and about twenty caudal. The cervical and dorsal vertebrae seem to 
have been amphicoelous or amphiplatyan, and bear weakly developed trans- 
verse processes and neural spines. The ribs are very slender, free in the neck 
region, and without ossified uncinate processes in the thoracic region. Twelve 
or thirteen pairs of abdominal ribs are present in the ventral wall of the body 
cavity. In the pectoral arch the long and slender scapula is essentially bird- 
like, and exhibits a well-developed acromion. The sternum is not known, but 
the coracoids and U-shaped furcula resemble those of modern birds. The 
wing is relatively small, and its bones are slender. Radius and ulna are 
straight, and little shorter that the humerus. The carpus is imperfectly 
known, and the three metacarpals appear to have been free. Metacarpal 
no. I is short, and no. ii longer and stouter than the first or third. 
The manus terminates in three clawed digits having the phalangeal 
formula 2, 3, 4. 

The three pelvic elements appear to have articulated with each other by 
persistent sutures. The acetabulum is perforate. The long and slender 
pubes meet distally in an elongated symphysis, and each is pierced at the 
upper end by a small obturator foramen. The hind limb is essentially avian, 
and notable only for the weak development of the cnemial crest of the tibia. 
There are four clawed digits in the pes (nos. i to iv), with the phalangeal 
formula 2, 3, 4, 5. In the wing are observed seven primary and ten secondary 
remiges with their coverts. The rectrices of the tail are arranged in pairs, 
directed obliquely backward, one pair to each vertebra. Contour feathers are 
also indicated on the neck and along the tibia. 

The two known species of Archaeopteryx are about as large as an ordinary 
domestic fowl, and must have been capable of flight. The clawed digits of 
the manus were doubtless useful for climbing trees and rocks. Some three- 
toed footprints in the Lithographic Stone of Solenhofen, associated with a 
groove left by the tail, have been ascribed to Archaeopteryx by OppeL Other 
footprints from the same formation are referred by Jaekel to allied birds 
which he names Protomis and Hypornithes, 

The fragmentary crushed skull from the Upper Jurassic (Morrison 
Formation) of Wyoming, U.S.A., described as Ijippteryx Marsh, may be 
reptilian. 
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Sub-01as8 2. ORNITHUEAE, 

TaU feathers arranged like a fan round the mi of the shortened tail of which 
seveml (ermvml vertebrae are usually fused in a pygostyle. Fertebrae mry rarely 



Fi(i. 526. 


liepmrnM Marah. Upper Cretoceous ; Kansas. Restoration of skeleton. i/« nat 

size (after Marsh). The bird would probably not be able to stand upright in the attitude 
here shown, the hind limbs being too much adapteil for swimming. 

amphicoelous, usually with saddle-shaped articulations ; cervical ribs fused with centra ; 
dorsal ribs with uncinate processes {except in Palamedea and Chauna), Pelvic bones 
proximally united. Metacarpals united. 


Order 1. ODONTOLOAB.i 

Birds with teeth implanted in a continuous groove. Bones of cranium usually 
fused, but those of mandible separate; hasipterygoid processes absent; a pair of 

1 iMmbrBcJU, K,, Neogaeomis weMi n.g., n.sp., der erste Kreidevogel dcr stidlichen Hemi- 
aphftre. Palaeoiit. Zeitschr., vol. xi., p. 121, 1929.— £«c<w, F, A,, Osteology and Relationship of 
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vomers; quadrate single-headed; mandUmlar rami not fused at symphfsis- 
Clavicles not united in a furcula. Pelvic hones free distall ff. Upper Cretaceous. 


The family Hesperornithidne is known by nearly complete skeletons of 
Hesperornk from the marine Niobrara ('retaceous of Kansas, U.S.A. 

Hesperornis Marsh {Coniornis Marsh) (Figs. 519, 520, 525). Snout much 
elongated ; premaxilla toothless, but a regular row of teeth in the maxilla and 
in the mandible as far forwards as the symphysis. The proximal articulation 
of the quadrate is slightly divided into two facets of unequal size. The articu- 
lations of the vertebrae are saddle-shaped. 
There are twenty-three presacral vertebrae 
and fourteen vertebrae in the sacrum. The 
coracoid is short and very broad, «and the 
sternum is without a keel. Of the wing, 
only the much reduced humerus is known. 

The pelvis is laterally compressed, 
and the hind limbs ai’e as com- 
])letely adapted for swimming as 
in the existing Colymbidae. The 
])atella is very large, atid the fourth 
or outer toe of the foot is much the 
largest, }>eing nearly twice the length 
of the third toe. The feathers seem 
to have extended even over the 
tarsus. 11, regalis Marsh, with 
skeleton over a metre in length. 
Upper Cretaceous ; Kansas. Frag- 
ments of other species in Kansas 
and Montana (Claggett Formation). 

Baptornis Marsh ; Hargma 
Lucas. Niobrara Cretaceous; 
Kansas. 

Enaliornis Seeley. Fragments 
from the Cambridge Greensand. 
Neogaeornis Lambrecht. Tarso- 
metatarsus from Upper Cretaceous (Quiriquina Formation) of southern Chile. 







Fig. 526. 


Iciahyomis victor Marsh. 
Hesioratioo of skeleton. 


Ui)i)er CreUaepous ; Karina 
1/2 uat. size (after Maisli). 


Order 2. ODONTORMAE. 

Birds with teeth in separate sockets and with slightly amphicoelous vertebrae 
Quadrate single-headed. Mandibular rami not fused at symphysis. Pelvic hones 
free distally. Upper Cretaceous. 

The Ichthyomithidae comprise small flying birds with a very deep keel on 
the sternum, known chiefly from the marine Niobrara Cretaceous of Kansas. 

the Fossil Birtla of the Genera Hesperornis, Hargeiitt^ Baptornis, and JHatryma. Proc. U.S, 
Nat. Mils., vol. xxvi., p. 54.^, 1903. — Lull, It. S., Orjfaiiic involution (New York, 1022), pi. xv 
[photographs of //a-Tjoeromw in Peabo ly Mnseiinij.—iVarsA, 0. C.. Odontornithes. Washington 
1880. — Seeley^ If. G., Britiah Fossil Cretaceous Binls. Quart. Jourii. Geol. Soc., vol. xxxii. 
p. 496, 1876. — SfwfeMt, It. W., Ba.se of the Cranium of Hesperornis regalis. Bull. Amer. Palaeont. 
vol. V., p. 76, 1915. — Fossil l^maims of Hesjmrcrrnu found in Montana. The Auk, vol. xxxii. 
p. 290, 1915. — WHUslfm, S. TY., Plumage of Hesperornis. Kansas Univ. Quart., vol. v. 
p. 53, 1896. 
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Ichthffornis Marsh (Figs. 526-528). Bones delicate and more or less 
pneumatic. Cranial bones fused. Snout elongated, the premaxilla probably 
toothless, but the maxilla and mandible with a l egular series of teeth, which 
have vertical successors. Sacrum with ten vertebrae ; five caudal vertebrae and 



Flo. r>27. 

Irhthyornis (Hsjmr Marsh. Upper Cretaceous ; 
Kansas. Mandible. tiat. size (after Marsh). 


.1 B 

Fia. r/28. 

ItMhyornbi dispar Marsli. Lateral (J), and 
anterior (/>'), a.spect of cervical vertebra. nat. 
size (after Marsh). 


a small pygostyle. The pelvic bones are fused. /. virto)' Marsh, about as large 
as a ])igeon. "J'his and other species in the Tipper Cretaceous of Kansas. 
Apatornis Marsh. Niobrara Cretaceous; Kansas. 

? (JivKfloptertfx Marsh. Laramie (Lance) Formation ; Wyoming. 


Order 3. DROMAEOGNATHAE.^ {Pahieog'nathae,) 

Toothless birds. Vomer broad and united in front with the vuuiUo-palatineSf 
behind with the pterjjgoids ; j)tery(joids usually not in contact with the sphenoidal 
rostrum; (juadrafe sin gle -headed ; mamiibular rami fused at sffniphysis. Ischia 
slender and free at the distal end or only united with the ilia. Upper half of tarso- 
metatarsus usually without canal for passage of tendon. Terminal caudal vertebrae 
rarely forming a pygostyle. 

The Drormieoguathae arc the scattered survivors of the ancient avi-fauna of 
the globe, and some are confined to a remarkably small area. Greater 
differences of structure are to be found among the few members of this 
division than among all other existing birds, and these differences are such 
that they are frequently placed in different Orders. The flightless struthious 
birds have a keel-less sternum which is very variable in shape posteriorly, while 
the shoulder girdle exhibits various degrees of degeneration from the absence 
of clavicles to the lack of the entire wing. The ischia and pubes in the pelvis 
are also very variable. 



Sub-Order 1. STRUTHIONES. 

This Sub-Order is represented in the existing world by the ostriches (Struthio), 
rheas {lihea\ cassowaries and emeus {Casuarius and Dromaeus), these forming 
three families. It also includes the extinct Aepyornithidas of Madagascar and 
the Dinornithidae or Moas of New Zealand. They are all large flightless birds, 
having a typically dromaeognathous skull with the long basipterygoid pro- 
cesses arising from the body of the basisphenoid, giving it something of a 
cruciform shape ; the nostrils are holorhinal. The sternum is not keeled ; the 
scapula and coracoid are short and fused with one another, and the wings are 

Pycraftt W. P., Morphology and Phypgeny of^he Podacogiaithae (Raiiiae and Crypturi) 
and Neognuthae {Oarinatae). Tmus. Zool. Soc., vol. xv., p, 149, 1900. 
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small or vestigial. These are characters correlated with loss of the power of 
flight. 

Family 1, Struthionidae.^ 

In the Struthionidae, or ostriches, the pubes are united in a ventral sym- 
physis, and the toes are reduced to two, the third and fourth digits only 
being present, and the weight of the body carried mainly by the third, a 
specialisation for running. Fossil remains of these birds occur in the Upper 
Pliocene of the Siwalik Hills (India), and in the Lower Pliocene of the Island 
of Samos, southern Pussia (near Odessa), Persia, Mongolia, and northern 
China, while fossil eggs, slightly larger than those of the living ostrich, have 
been described under the name of Struthiolithus Brandt, from superficial deposits 
of southern Russia and northern China. Fragments of similar eggs occur 
in Palaeolithic hearths in Ordos, China. Other fragments of egg-shell have 
been found in superficial deposits in northern India. 


Family 2. Rheidae.^^ 

The rheas (Rhea Brisson) have the ischia turned inward, so that they meet 
and are united beneath the ilia, while some of the anterior caudal vertebrae 
are atrophied. There are three digits in the foot. The species of this 
family are confined to southern South America. Remains of Rhea itself 
occur in the Pleistocene (Pampean) deposits of Argentina. Proiorhea Moreno 
and Mercerat, with a stouter femur which has a relatively small trochanter, 
is found in the Lower Pleistocene of Monte Hermoso, Argentina. Ileterorhea 
Rovereto, also from Monte Hermoso. 

Family 3. Dromaeidae.^ 

The emeus (Dromaeus Vieillot) from Australia, and the cassowaries 
(Casaarius Brisson) from Northern Australia and some islands to the north- 
ward, are three-toed. The bones of the wing are greatly reduced in size. 
Fossil remains of both genera are found in the Wellington caves, New South 
Wales. The extinct genus Genyornis Stirling and Zietz, from the Pleistocene 
of Lake Callabonna, South Australia, has the lower jaw unusually large, and 
digit II of the hind foot comparatively small and slender. In G'. newtoni 
S. and Z. the skull is about 30 cm. long, and the tibio-tarsus about 60 cm. 
long. Dromornis Owen, known by fragments from the Pleistocene and 
presumed Pliocene of Australia, may be another extinct genus of the same 
family. Hypselornis Lydekker is known by a phalangeal bone from the 
Pliocene of India. 

^ Andersson, J. Fossil Remains of ^Struthionidae in China. Mem. Geol, 8urv. China, ser. 
A., no. 3, p. 53, 1923. — Bendey^ B. A. ^ Egg of SlruihiolithiLs chersonends Brandt. Univ. Toronto 
Studies, Biol. Ser. no. 19, Wll.—Biduoell, E., Egg-shell of Indian Ostrich. Ibis, 1910, p. 769. — 
Eastman^ G. R,, StrulhiolUhiis rJiersonensu from Northern China. Bull. Mus. Comp. Zool. 
Harvard, vol. xxxii., p. 127, 1898. — Lowe, P. R , Phylogeny of the Ostrich and its Allies. Proc. 
Zool. Soc., 1928, p. 186.— Struthious Remains from China and Mongolia. Palaeout. Sinica, ser. C, 
vol. vi., fasc. 4, 1931. — Martin^ /f.. Remains of Struthio karatheodoris Major of the Island of 
Samos, proc. Zool. Soc., 1903, vol. i., p. 203. 

2 Moreno^ F, P., and Mercerat^ A., Pajaros Fdsiles de la Repi'iblica Argentina. Anales Mns. 
La Plata — Paleont. Argent., vol. i., p. 7, 1891. 

*** Owen^ R-* VroimrniB australis Owen, - Trans. Zool. Soc., vol. vlii., p. 381, 1873. — 
Stirling t E, 0., and ZUtz^ A» H* CX, Genyornis nexotoni, Mem. ^y, Soc. S. Australia, vol. i., 
p. 43, 1900. 
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Family 4. Aepyornithidae.^ 

The Aepyoriiithidae^ although known only by fossil remains, including 
egg-shells, from Madagascar, have become extinct at a comparatively recent 
epoch. They were birds of great size and massive build, having a relatively 
small skull and an unusually short and broad sternum, with well-developed 
facets for the coracoids. Foot normally with four digits, but the hallux 
sometimes wanting. Their nearest relatives are considered to be the 
cassowaries and emeus. The typical species is Aepyornis maximus Geoffrey, 
which is considerably exceeded in size by A, titan Andrews, with a tibio- 
tarsus 80 cm. in length. Mnllerornis Milne Edwards {Flacourtia Andrews) is 
represented by smaller species. 

According to K. Lambrecht, the following fragments suggest that this 
family originated in Africa. A distal end of tibio- tarsus {Eremopezus eocaenus 
Andrews) and part of a tarso-metatarsus {Stromeria fajumensis Lambrecht) 
from the Lower Oligocene of the Fayum, Egypt ; portions of egg-shell 
(Psainmornis rothschildi Andrews) from the Eocene of Touggourt, southern 
Algeria. 


Family 5. Dinornithidae.- 

In the DinornitMdae or “ Moas ” the wings and pectoral arch are extremely 
rudimentary or absent. The beak short and slightly deflected. The hind 
limbs in most species are exceptionally massive. The femur is usually 
without pneumatic foramina, and the tibio-tarsus has a bony bridge over the 
groove for extensor tendons. The hallux is sometimes present in addition to 
the three usual digits. 

The “ Moas ’’ were restricted to New Zealand, where they lived in great 
abundance and variety during the Pleistocene period, and only became 
extinct in comparatively modern times. The oldest known remains are a few 
bones from a Pliocene formation. Numerous bones have been found in 
swamps, and both bones and egg-shells occur in the refuse heaps of the 
Maoris. A few complete skeletons are known from fissures and caves, and 
some fragments from very dry fissures exhibit ligaments, skin, and feathers, 

‘ Andreivs^ C. H'., New Species of Aepyornis (^4. titmi), Geol. Mag. [4J, vol. i., p. 18, 
1894. — Nearly complete Skeleton of Aepym'nis, Loc, cit.^ vol. iv., p. 241, 1897. — Skull, 
Sternum, and Shoulder-Girdle of Aepyornis, Ibis, 1896, p. 376. — Pelvis and Hind-limb of 
Midlerornis hetsUei, . . . Occurrence of a Ratite Bird in the Upper Eocene Beds of the Fayum, 
Egypt. Proc. Zool. Soc., 1904, p. 163. — Fragments of the Fossil Egg-shell of a large Stiuthious 
Bird from Southern Algeria. Bericht V Internat. Ornithol. Kongrez, Berlin, p. 169, 1910. — 
Jiurckhardtf Uber Aepyornis, Palaeont. Abhandl., n.f., vol. ii,, p. 145, 1893. — Capellini^ 
(/., Uovo di Aepyornis maximus. Mem. R. Accad. Sci. Bologna [4j, vol. x., p. 23, 1889, — 
Grandidiert G., Aepyornis de Madagascar. Coniptes rendus Acad. Sci. Paris, vol. 137, p. 208, 
1903. — Lamhrexhi^ A'., Stromeria fajumensis n.g., n.sp. Abhandl. Bay. Akad. Wise., math.- 
naturw. Abt., n.f., vol. iv., p. 1, 1929. — Loxoe^ P. R., Relationships of the Aepyornithes to 
other Struthiones. Ibis, 1930, p. 470. — Monnier, £., Aepyornis. Ann. Palcont., vol. viii., 
p. 125, 1913. 

® Andrews^ C, IF., Complete Skeleton of Meyalapteryx tenuipes Lydekker in the Tring 
Museum. Novitates Zoologicae, vol. iv., p. 188, 1897. — Nearly complete Skeleton of Dinornis 
maximus. Geol. Mag. [4], vol. vi., p. 395, 1899. — Hamilton^ A., Bibliography of Dinornithidae. 
Trans. New Zealand Inst., vol. xxvi., p. 229, 1893.— F. IF., Moas of New Zealand. 
Loc. cU.^ vol. xxiv., p. 93, 1891 ; also vol. xxv., p. 6, 1892. — Ofom, R., Memoirs in Trans. 
Zool. Soc., vols. iii., iv., v., vii., x., xi., 1846-82; reprinted with additions in a volume, 
Memoirs on the Extinct Wingless Birds of Now Zealand. London, 1879. — Parker , T. J,, Cranial 
Osteology, ClassiBcation, and Phylogeny of the IHnornUhidae. Trans. Zool. ^c., vol. xiii., 
p. 373, 1895. 
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The feathers bear a large aftershaft, like the feathers of the emeus and 
cassowaries. Bony tracheal rings are often found. Gizzard stones have 
also been noticed, and coprolites show that the birds fed on ferns. 

Dinornis Owen {Movia Eeichenbach ; Tylopteriix Hutton). Beak relatively 
wide and pointed, temporal fossae large. About twenty vertebrae in cervical 
and sacral regions respectively. Sternum about as long as broad, very 

convex, with small coracoidal facets, 
three costal facets on each side, widely 
divergent lateral processes, and a xiphi- 
sternal notch. Scapulo-cox’acoid ele- 
ment without glenoid cavity for the 
humerus. Pelvis with much elevated 
ilium. Femur comparatively long, its 
medullary cavity with very thick walls. 



Fin. b'ZS). 

PalapUryx elepliantupiu< Owen sp. Pleistocene ; New Zealand, nat. size (after Owen). 


Tibio-tarsus and tarso-metatarsus also long and slender ; hallux reduced or 
absent. D. maximus Owen attained a height of over 3-6 m. when standing. 

Palapteryx Owen {Emeus Eeichenbach; Eurijapteryx Haast; Pachyornis 
Lydekker) (Fig. 529). Smaller but much stouter than the preceding. 
Beak short and rounded ; sternum fiat, broader than long, without coracoidal 
facets ; pelvis low and broad. Hind limbs extremely massive, tibio-tarsus 
relatively short ; hallux present. Total height less than 2 m. 

Anomalopteryx Eeichenbach {Cela^ Syornis Reich. ; Mesopieryx Hutton ; 
Meionomis Haast). Small birds of comparatively slender build. Skull 
narrow and elevated, with sharply-pointed beak. Sternum much longer than 
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broad, moderately flattened, with faint or no coracoidal facets, three costal 
facets on each side, and a pair of long and slender lateral processes, Tarso- 
metatarsus shorter than the femur, and scarcely half as long as the tibio- 
tarsus ; hallux present. 

Megaki'pteryx Haast. Much resembling Anomalopteryx^ but mandible very 
slender. Complete skeleton known from cave in S. Island. 

Sub-Order 2. APTERYGES.’ 

These are small, flightless birds found only in New Zealand. They arc 
readily distinguished by their long, rather slender beak, and by the nostrils 
opening at the end of the beak, a unique position among birds. The sternum 
is broad, the wings are minute, and the foot is four-toed, the first digit being 
small and above the level of the others. Remains of Apteryx^ chiefly referable 
to living species, occur in the superficial deposits of New Zealand. 

Sub-Order 3. CRYPTURI. 

The tiiianious, or Cryplnri, have a long, narrow keeled sternum, with a 
long, slender lateral })rocess on either side. In the shortening of the 
vomer, and moving inwards t)f the palatines, they show an approach to the 
Emtrnithes, The tinamous resemble little ostriches in their appearance, and 
have a limited })Ower of flight. The Sub Order is specially characteristic of 
South America, although it extends northwards into Mexico. So far very 
few fossil remains of the tinamous have been found, and these from com- 
paratively recent deposits. Timimisornh Rovereto seems to be of Pliocene age. 

Order 4. BUORNITHES. 

Toothless birds. Vomer not in contact with pterygoids, hut the latter in contact 
with the sphenoidal rostrum ; quadrate double-headed ; mandibular rami fused at 
symphysis. Ischia fused distally with ilia. Upper half of tarso-metatarsus with 
canals for passage of tendons. Terminal caudal vertebrae forming a pygostyle. 

The Euornithes comprise the vast majority of existing birds, and are the 
equivalent of the Garinatae, less Ichthyornis and the tinamous. The sternum 
is generally keeled, although this is a character of little value, since any 
group may have its flightless forms. 

Sub-Order 1. DIATRYMAE.^ 

An extinct group of uncertain affinities. Holorhinal, with desmognathous 
palate ; broad head of quadrate imperfectly divided ; squamosal and post- 
orbital enclosing a supratemporal vacuity. Uncinate processes of ribs 
reduced. Coracoscapular arch much like that of a Ratite bird ; wings greatly 
reduced. Pelvis wide and long posteriorly ; pubes long and almost meeting 
behind ; three-toed foot with a reduced hallux. 

Diatryma Cope (1 Barornis Marsh) (Fig. 530). Skull greatly enlarged, 

^ Parker, T. J., Anatomy and Development oi Apteryx. Phil. Trans. Roy. Soc., vol. 182 B., 
p. 26, 1892. 

2 Andrews, C. W,, A Gigantic Eocene Bird. Geol. Mag. [6], vol. iv., p. 469, 1917. — 
Matthew, ir. />., and Granger, IP., Skeleton of Dmtryma. Bull. Amer. Mus. Nat. Hist., vol. 
xxxvii., p. 307, 1917. — Sindair, W. J., (htwrhamphus, Proc. Amer. Phil. Soc., vol. Ixvii., p. 61, 
1928. — Troxell, E. IHairytm, a Colossal Heron. Amer. Jouru. Sci. [5], vol. xxii., p. 18, 1931. 
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with a powerful laterally-compressed beak and nostril placed low down. 
Neck short and very powerful. Claws of toes rather short and moderately 
curved. D, steini Matthew and Granger, known by nearly complete skeleton 



Fio. nso. 

Diatryma iUini Matthew and Granger. ReHtoration of skeleton, with scale in feet. 
Lower Eocene ; Wyoming. (After Matthew and Granger.) 


2 m. high (Fig. 530) from the Lower Eocene (Wasatch) of Wyoming, U.S.A. 
Fragments of other species from the same formation in Wyoming and New 
Mexico, perhaps also New Jersey. ? D, sarasini Schaub, a tarso-metatarsus 
from the Lower Eocene near Epernay. 

Omorhamphus Sinclair. Smaller, with a shorter tarso>metatarsus. Lower 
Eocene; Wyoming. 

Sub-Order 2. IMPENNES. Penguins.^ 

In the penguins the wings are shortened, flattened, and modified into 
paddles, but as they are moved by the muscles employed by other birds in 
flight, the sternum retains its keel. The skull is schizognathous, and the 
component bones remain free from one another for an unusual length of 

^ Ameffhino, Impeime« Fosiles de Patagonia y de la Isla Seymour. Anales Mue. Nac. 
Buenos Aires, vol. xiii., p. 97, 1906. — Watson, M., Report on the Penguins collected by tbe 
CkaUenger,^ Challenger Reports, vol. vii., part xviii., C,, Die alttertiaren Verte- 

braten der Seymourinsel. Wise. Ergebn. Schwed. Sud>polar Exped., 1901-1903, vol. ili., 
lief. 1, 1906. — Also Oliver, W, R, B,, New Zealand Birds, p. 85, 1930. 
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time ; the pterygoids are very large. The scapula is unique among birds in 
being expanded posteriorly. The dorsal vertebrae are markedly opistho- 
coelous. Ihe tarso-metatarsus is short and wide, and its three component 
metatarsals are plainly indicated by their 
imperfect fusion. 

The penguins are characteristic of the 
southern parts of the southern hemisphere, 
but on the west coast of South America 
they range northwards to the equator. 

They attained their specialisation at the 
beginning of the Tertiary period, and re- 
mains of several extinct, though typical, 
genera are known from the Eocene of New 
Zealand {Palaeendyjdes Huxley), the Lower 
Tertiary (probably Eocene) of Seymour 

AlitaiCtlCB. OpOTIlis, I <XChyj)t€TyX^ Palaeospheniscus planus Am<^ghino. Left 

Eospheniscm, Delphinornis, Ichfhyopteryx, Ortho- 

pteryx Wiman), and the Patagonian Forma- (after Amegiiino). 

tion (probably Miocene) of Patagonia (Palaeo- 

fiphniiscus Moreno and Mercerat (Fig. 531), Paraspheniscus^ Perisphenisms, 
yirgyrodyptes Ameghino, etc.). Some of the extinct species must have been at 
least 1-3 m. high, and their metatarsus is better adapted for running than 
that of existing penguins. According to Ameghino, the Patagonian Eocene 
Cladornis Amegh. and Cruschedida Amegh. seem to represent terrestrial ancestors 
of penguins. 




Fia, r>31. 


Sub-Order 3, CECOMORPHAE. 

The Cemnorphae include the auks, gulls, divers, and petrels, these last 
diverging from the other members of the Sub- Order and often placed in 
an Order or Sub-Order by themselves, the Tubinares, They are all swimming 
birds, with a schizognathous palate and the angle of the mandible truncate. 

The keeled sternum of a gigantic bird apparently of this Sub-Order, from 
the Eocene of Ameki, S. Nigeria, represents a species twice as large as the 
largest known albatross, and is named GigunUwnis eaglesomei Andrews.^ An 
albatross, Diomedea anglica Lyd., occurs in the Pliocene Red Crag of England, 
and gulls are numerous in the Miocene of the south of France and Pleistocene 
of Oregon, U.S.A. Palaeotringa Marsh, from the Eocene (not Cretaceous) of 
New Jersey, seems to be related to the gulls. Colymhoides Milne Edwards 
is a diver from the European Eocene and Miocene. Pujffinus Brisson dates 
back to the Miocene in both Europe and America. The earliest known auk, 
Mancalla californiensis Lucas, from the Upper Miocene of California, was a 
highly specialised and flightless form. Nautiloi'nis Wetmore, from the Eocene 
of Utah, seems to have been a wading auk. llydroiherik&t'iiis Miller, from the 
Upper Eocene of Oregon, is probably an allied genus. The Great Auk, Alca 
impennis Linn., a northern bird which became extinct in recent historic times, 
occurs in Pleistocene deposits so far south as Gibraltar and Otranto, S. Italy.* 

‘ Andrews, 0, W,, Sternum of a large Carinate Bird from the Eocene of Southern Nigeria. 
Proc. Zool. Soc., 1916, p. 619. 

® Grieve, S., The G^'eat Auk or Oarefowl. London, 1886. —Oi/vjn, R., Skeleton of the Great 
Auk. TVans. ^ol. Soc.» vol. v., p. 317, 1866. 
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Sub-Order 4. GEALLAEJ 


The G'rallae are a group of wading birds iticluding the cranes, bustards, rails, 
snipe, and plovers, besides an unusual number of aberrant forms, such as the 
South American trumpeter {Psophia\ the Seriema {Cariama\ and the New 
Caledonian Mhinochoetns. The plovers closely ai)proach the gulls among the 
Cecomorphae, while through Cariama the Gralhie point towards the birds of prey. 
The Stereornithes of Moreno and Mercerat, from the Miocene Santa Cruz 


Formation of Patagonia, seem to be grallino birds related to Cariama, The 
typical genus Phororhacos Ameghino is known by most of the skeleton, and is 

remarkable for its relatively gigantic 
head and stout cervical vertebrae. 
The skull, which measures 60 cm. 
in length in P. longisswms Amegh., 
has a very large, laterally com- 
pressed, hooked beak (Fig. 532), and 
the nostrils are high up. The fur- 
cula is very slender, almost rudi- 
532 , mentary, and the wings are small. 

Phornrhucos inflatus Ameghino. Skull mid niun.iibie. The pelvis is iiarrow and elongated. 
AmegSor®''’ (after Pekcgov )iis Amej^hiuo ^xid Brontm'nis 

Moreno and Mercerat are other 



genera. Hermosiornis and Procariama Kovereto especially seem to connect the 
Stereornithes with Cariama. 


Graculavus Marsh and I'elmahmm Marsh, from the Eocene (not Cretaceous) 
of New Jersey, and Aletornis Marsh, from the Eocene of Wyoming, appear to 
be early representatives of this kSub-Order, and true rails appear in the Eocene 
of Europe {Gypsornis Milne Edwards). A crane (Palaeogrus Portis) also occurs 
in the Upper Eocene of Italy, A coot (Palaeolirnnas F’orbes) is found in 
surface deposits in the Chatham Islands, about 500 miles east of New Zealand. 
The extinct rails from the surface deposits of New Zealand (Aptomis Owen), 
the Chatham Islands (Diaphorapteryx Forbes ; Nesolimnas Andrews ; Cahalus 
Hutton), and Mauritius (Aphanapteryx Milne Edwards) are interesting on 
account of their close aflfinities to each other and to the living W eka rail of 
New Zealand {Ocydromm Wagler). The New Zealand rail Nofornis Owen, now 
extremely jare, is well known by fossils from the surface deposits of New 
Zealand. The bustard (Otis Linn.) dates back to the Miocene in Europe, and 
an extinct genus Palaeotis Lambrecht occurs in the Middle Eocene Brown Coal 
of the Geiselthal, Germany. 


Sub-Order 5. CHENOMOBPHAE. 

The Chenomorphae, or ducks, form a sharply defined group of water-birds, 
with the skull typically desmognathous, either by the direct fusion of the 
maxillo-palatines or their indirect union through the ossified narial septum. 

^ Andrews, C, W., Skull and Skeleton of Phtmtrhacos injkdus Amegliino. Trans. Zool. Soc., 
vol. XV., p. 65, 1899. — Osteology of Diaph^or apteryx tmwkinsi. Novitates Zoologicae, vol. iii., 
p. 73, 1896 ; also Geol. Mag., 1896, p. 337. — Osteology of Palaeolirnnas and Ntscdimmas, Novit. 
Zool., vol. iii., p. 260, 1896. — Skeleton of Aptornis defossor (Owen). Geol. Mag., 1896, p. 241. 
— Sindai/r, W, J,, and Farr, M. S,, Aves of the Santa Cruz Bede. Rep. Princeton Univ. Exped. 
Patagonia, vol. vii., p. 157, 1932. 
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Low basi pterygoid facets are present, well forward on the rostrum; and on 
these the pterygoids slide, allowing a slight motion of the beak. The posterior 
end of the mandible is produced and recurved. 

Allied to the (Jlieitomorphae are three species of South American birds 
representing the genera Paltimedea (or Anhima) and Chauna, which form a 


separate group, the Palame- 
deae. Those birds have neither 
webbed feet nor duck-like bills. 

The flamingoes are as- 
signed by some to the (-hatto- 
rnorphae^ by others, to the 
Ilerodli^ their affinities to both 
leading iluxley to place them 
in a separate group tei'med 
A mp h i in o rp h a e. Sea n ionus 
Dames and Para^amiornis 
Lambrecht, from the Creta- 
ceous of Sweden, may perhajis 
be ancestral flamingoes.^ A(j- 
nopfenis Milne Edwards, from 
the Eocene of the Paris Basin, 
and Elornifi Aymard, from 
the Oligocene and Miocene of 
France, are also probably 
flamingoes. Several species 
of Palathuhis Milne Edwards, 
a shorter -legged bird than 
the flamingo, also occur in the 
Miocene of France, and a true 



Phoenicopierus Brisson in the 

Mifippnp nf Ennpp and Plpi<. Milne K<iw. Miocene; St. Gerand-le-Puy, 

iviiocene OI r ranee aiui i Itis France. Restoration of skeleton. -Vh size (aft-er Milne 

tocene of Oregon. Kiiwanis). 

Gasfornis fL^bert, from the 

Lower Eocene of France, Belgium, and England, is a large running bird with 
a tibio-tarsus sometimes 50 cm. long. The skull is rather large, and the 
sutures between its bones are remarkably persistent. Part of a skull from the 
London Clay of Sheppey, named Dasornis Owen, may belong to a similar bird.^ 
Ducks are not uncommon in the Miocene of France and Pleistocene of Oregon, 


and a large, flightless species, Cmmiornis calcitrans Owen, occurs in the 
Pleistocene of New Zealand. This bird well exemplifies the difficulty of 


determining exact affinities from isolated bones, since from the tibia Owen 
considered it to be a Moa, while from the sternum Parker believed it to be a 


rail ; the discovery of the skull showed it to be a goose. Numerous species 
of Anas Linn. (Fig. 533), as well as isolated representatives of Anser, Cygnus, 


1 Dames, Vogclreste aus dem Saltliolmskalk von Liinliamn bei Malmd. Bihang k. svensk. 
Vet.-Akad. Handl., vol. xvi., sect, iv., no. 1, 1390.--Lmni)rcchi, A", Oallornis straeleni n.g. 
n.ap., ein Kreidevogel aus Frankreich. Bull. Mns, Roy. Hist. Nat. Belg., vol. vii., no. 30, 1981, 
® Dollo^ A., Gaslornis edwardsU, Lemoiiie. Bull. Mu«. Roy. Hist. Nat. Belg., vol. ii., j). 297, 
ISSZ.^Neiotnn, A. T., Remains oi Omtornis klaassen>\n.fi\),, from the Lower Eocene near Croydon. 
Trans. Zool. Soc., vol. xii., p. 148, lS8Q.—Owen A., Fossil Cranium of Dtisorius londinensis, Ow., 
from the Loudon Clay of Sheppey. 'JYans. Zool. Soc., vol. vii„ p. 145, 1870. 
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Fuligula, Spatula^ Branta,^ and MerguSy are known from the late Tertiary of 
various European and North American localities. A femur from the Neo- 
comian of Auxerre, France {Gtilhmhi fdraeleni Lambrecht), may belong to an 
ancestral goose; Liiornis Marsh is from the Eocene of New Jersey; and 
Eomainvillia Lebedinski, from the Upper Eocene of the Paris Basin, may be 
related. Cygmpteras Lambrecht, from the Upper Oligocene of Belgium, and 
Cygmims Lambrecht, from the Middle Miocene of Wiesbaden, seem to be 
ancestral swans."’ 


Sub-Order 6. HERODII. 

The Herodii, comprising the herons, storks, and ibises, are wading birds 
with unusually long legs, having a desmognathous skull without basipterygoid 
processes, and the angle of the mandible usually truncate (exceptions occurring 
in the spoonbills, Plafalea), 

The herons appear first in the Lower Eocene, Proherodius Lydekker occur- 
ring in the London Clay of England. Botauroides Shufeldt and Boceornis 
Shufeldt are extinct herons from the Middle Eocene of Wyoming, U.S.A. ; 
and Goliathia Lambrecht is represented by a large ulna in the Lower Oligocene 
of the Fayum, Egypt. Species of the existing Jrdea Brisson occur in the 
Middle Miocene of France and Bavaria. 

The oldest known stork is Palaeoephippiorhf/nchus dkirichi Lambrecht from 
the Lower Oligocene of the Fayum, Egypt.’^ Propelargns Lydekker and 
Pelargopsis Milne Edwards occur in the Oligocene Phosphorites of France. 
Xenorhynchopsis de Vis and Palaeopelargus de Vis are extinct storks from the 
Pleistocene of Australia. The Indian Lepioplilm Lesson occurs fossil in the 
Pliocene of the Siwalik Hills ; Ciconia Brisson in the Lower Pliocene of 
Pikermi, Greece ; Amphipelargm Lydekker in the Fiower Pliocene of the Island 
of Samos. 

An ibis, Ibidopsis Lydekker, is found in the Oligocene of England, and 
Ibidopodia Milne Edwards in the Lower Miocene of France. Prcdihis occurs 
in the Santa Cruz Formation of Patagonia. 


Sub-Order 7. STEOANOPODES.^ 

The Steganopodes include the pelicans, cormorants, gannets, frigate birds, 
and tropic birds. They have a desmognathous skull and a sternum with a 
feeble keel, on the forwardly produced anterior portion of which the lower 

^ Burt, W. II., New Goose (Branta) from the Lower Pliocene of Nevada. Uuiv. Calif. Public., 
Ball. Dept. Geol. ScL, vol. 18, p. 221, 1929. 

® Lambrecht, K, Vygnoplerus und Vyynavuft, zwei fossile Schwiine aus dem Tertiar Europas. 
Ball. Mas. Boy. Hist. Nat. Belg., vol. vii., no. 31, 1931. 

* Lambrecht, K., Palaeoephippi&rhyiichus dietrichi n.g., n.sp. Ooliathia andrewsi n.g., n.sp. 
Geologiea Hangarica, Ser. Palaeont., fasc. 7, pp. 18, 30, 1930. 

^ Andrews, C* W,, New Bird from the London Clay of Sheppey [Prophaetkon]. Proc. Zool. 
Soc,, 1899, p. 776. — Bird Remains from the Upper Cretaceous of Transylvania \^Elopteryx\ Geol. 
Mag. [6], vol. X., p. 193, 1913. — Lambrecht, K,, Die Gattung* Pfoftts im ungarischen Neogen. 
Mitth. Jahrb. k. ungar. Geol. Beichsanst., vol. xxiv., p. 3, 1916. — Mesozoiscbe und tertiare 
Vogelreste aus Siebenbiirgen. Xe Congrats Internat. Zool., p. 1262, 1929. — Pseudodontomia n.g. 
Geologiea Hangarica, Ser. Palaeont., faso. 7, p. 1, 1930. — Protnplotus heavfortixL.%., n.sp. Wet. 
Meded. Dienet Mijnbouw Nederl. -Indie, no. 17, p. i5, 1931. — Owen, R., OdemtopUryxtdiapicua Ow. 
Quart. Joum. Geol. Soc,, vol. xzix., p. 611, 1873. — Argilliymis longipennia Ow. Loc. ciL, 
vol. xxxiv., p. 124, 1878, and vol. xxxvi., p. 23, 1880. — Wetimre, A,, Systematic position of the 
fossil bird Cyphornis magnus, Canadian Geol. Surv. Bull. no. 49 (Geol. 8er., no. 48), 1928. 
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ends of the clavicles rest and are frequently joined by anchylosis. A dis- 
tinctive external feature is the union of all four toes by a web. 

Pelecanus Linn, occurs in the Miocene of Bavaria and Allier, France, and 
is also found in the Pliocene of the Siwalik Hills, India. The existing 
I\ onocrofalus Linn, is found in the deposits of the English Fenland, in a 
similar deposit at Hull, and with the remains of the Iron Age in the 
Glastonbury Lake Village ; another species in the Pleistocene of Oregon, 
U.S.A. Cormorants date back at least to the Lower Eocene. Argillornis 
Owen is known by a skull and other bones from the London Clay of Sheppey ; 
Uupterornis Lemoine by a portion of ulna from the Lower Plocene, Rheims, 
France. Aciiornis Lydekker is from the Oligocone of Hordwell, Hampshire. 
Elopteryx Andrews, represented by bones of hind limb from the Upper 
Cretaceous (Danian) of Transylvania, may be an ancestral cormorant. Eostega 
Lambrecht, from the Middle Eocene of Transylvania, is also related. Odonto- 
pteryx Owen, from the London Clay of Sheppey, belongs to an allied family 
with bony denticles along the edge of the jaws. A more generalised desmo- 
gnathous skull, with similarly denticulated jaws, is known from an unrecorded 
formation and locality in Brazil {Pseudodontornis Lambrecht). It must have 
been about 40 cm. long. Sala Brisson dates back to the Oligocene in Europe, 
the Miocene in North America. Cyphornis Cope, from the Oligocene of British 
Columbia, and Palaeochenoides Shufeldt, from the Miocene of South Carolina, 
are related. Prophaeilum Andrews is a primitive tropic bird known by the 
skull and other [)arts of the skeleton from the London Clay of Sheppey. 
In this fossil the pelvis and hind limbs are relatively larger than in the 
existing Phaetlunk The darter Plof us ranges from the Lower Pliocene upwards 
in Europe, and Protoplofus Lambrecht occurs in the Middle Tertiary of Padang, 
Sumatra. 


Sub-Order 8. OPISTHOCOMI. 

The Opisth)comi contain only a single species, the hoactzin {Opisthocomus 
cristaius) of tropical South America. In the nestling the thumb is large, 
clawed, and used with the second clawed digit in climbing ; but in the adult it 
is clawless, and even smaller than in the majority of birds, being a remarkable 
instance of rapid retrogression. Filholoniis Milne Edwards, from the Oligocene 
Phosphorites of Southern France, has been referred to this vSub-Order, but 
its position is doubtful. 


Sub-Order 9. GALLINAE. 

The earliest known Gallinaceous bird is a primitive pheasant, Palaeo^ 
phasianns Shufeldt, in the Lower and Middle Eocene of Wyoming. Phasianus 
Brisson is itself recorded from the Middle Eocene of Wyoming, and ranges to 
the Miocene in Nebraska. Though no longer native in Europe, Phasianus is 
also found in the Miocene and Pliocene of this continent, and it occurs in the 
late Pleistocene of France and Spain.' Gallinvloides Eastman is a generalised 
form known by a skeleton from the Middle Eocene of Wyoming.^ Taoperdix 

^ Oaillardy (/., UOrigine du faisan d’Europe. Compte rendu Assoc. Fran^. Avanc. Sci., 
Lyon, p. 408, 1926. 

* Ea^man^ O, R,, New Fossil Bird from the Middle Eocene of Wyoming. Geol. Mag. [4], 
vol. vii., p. 64, 1900. 
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Milne Edwards is from the Upper Eocene, Pulaeoperdix M. Edw. from the 
Middle Miocene of France.^ Palaemipx M. Edw. and Paraortijx Gaillard are 
partridge-like birds from the Upper Eocene to Middle Miocene of France. 
Palaeociyptonyx Dep^^.ret is Oligocene and Pliocene. Gallus Brisson is first 
found in the Lower Pliocenh of Pikermi, Greece. Thimiiis Navds is found in 
the Oligocene of Teruel, Spain. Parapavo L. H. Miller is a turkey from the 
Pleistocene asphalt deposit of Rancho la Brea, California.- 

Sub-Order 10. COLUMBAE. 

The pigeon Columba Linn, is first found in the Miocene of Allier, France, 
and Pteivcdes Temminck occurs both here and in the Phosphorites of Quercy. 
The most important extinct members of the Sub-Order are the dodo {Didns 
ineptus Linn.) from Mauritius and the solitaire {Pezophaps solitaria Gmelin sp.) 
from Rodriguez, both found in modern superficial deposits.** They were heavy 
ground pigeons, and were probably exterminated in the seventeenth and 
eighteenth centuries respectively. 

Sub-Order 11. AOCIPITRES. 

The Jeeipitres include the diurnal birds of prey, the American vultures, 
and the secretary bird. They have atj imperfectly desmognathous skull, the 
spongy maxillo-palatines being only partly united with one another, and in 
some species even free, Basipterygoid facets are absent in the diurnal birds 
of prey, but present in the other members of the Sub-Order. 

The oldest known fragment of an accipitrine bird appears to be a sternum 
associated with other fragments from the London Clay of Sheppey {Lithorrm 
vulturinus Owen). Palaeocircus Milne Edwards occurs in the Upper Eocene 
of France and the Lower Oligocene of Hordw'ell, England. Phasinagyps 
Wetmore and Palaeogyps Wetmore in the Oligocene of Colorado, jtquila 
Brisson dates back to the Middle Eocene in Wyoming, to the Lower Miocene 
in Allier, France. Milvm Lac^p^de and an extinct genus PaUieohierax Milne 
Edwards also occur in Allier. A vulture {Palacohorus Cones) is found in the 
Upper Miocene of New Mexico. Teratornis L. II. Miller is a condor-like 
vulture, larger than the existing condor, found with other accipitrine birds 
in the Pleistocene asphalt of Rancho La Brea, California, also in the 
Pleistocene of Florida. Harpagornis Haast is a very large extinct eagle from 
Glenmark Swamp, Canterbury, New Zealand. A primitive secretary bird, 
Amphiserpentarim Gaillard, occurs in the Oligocene Phosphorites of Quercy, 
and Serpentarius Cuv. itself is recorded from the Lower Miocene of Allier. 

* Hastimrif (7. 72., Fossil Avian Remains from Armissan. Mem. Carnegie Mus., vol. ii., 
p. 131, 1905. 

* Howard^ if., A Review of the Fossil Bird Parapavo calif ttrnicua (Miller). Bull. Dept. Geol. 
Univ. California, vol. xvii., no. 1, 1927 . — JSushkirij P, P., Affinities of Parapavo calif omims 
(Loye Miller). Ibis, Jan. 1928, p. 185. 

^ OUntheVt A.y and Newton^ E.^ Extinct Birds of Rodriguez. Phil. Trans. Roy. Soc., vol. 168, 
p. 423, 1879. — MdvUle, A, 6?., and Stricldandj U. A\, The Dodo and its Kindred. London, 1848. 
— Newton^ A* and Osteology of the Solitaire. Phil. Trans. Roy. Soc., vol. 159, p. 827, 1869. 
— Newtont i?., and Clark, J, IT., Osteology of the Solitaire, toe. cU., vol. 168, p. 438, 1879. — 
Oudemafis, A, C,, Dodo Stndien. Verhandl. k. Akad. Wet. Amsterdam, sect. 2, vol. xix., no. 4, 
1917. — Owen, R*, Memoir on the Dodo. London, 1866. --^Osteology of the Dodo. Trans. Zool. 
Soc., vol. vL, p. 49, 1867. 

* JSkoek, C,, Rancho La Brea. Los Angeles Museum, publ. no. 1, 1930. 
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Sub-Order 12. PSITTAOI. 

The Psittaci, or parrots, have a desmognathons skull without basipterygoid 
facets, and the beak is so hinged to the cranium as to permit considerable 
movement. 

Fossil parrots are rare, but the African genus Psittacus Linn, is found in 
the Miocene of Allier, France. Cmuropsis Salvadori occurs in the Middle 
Miocene of Nebraska. 


Sub-Order 13. STRIGES. 

In all the owls the orbits face forwards, and the outer toe is reversed. 
Minerva Shufeldt, from the Middle Eocene of Wyoming, is the earliest genus 
known. Necrohyas Milne Edwards and Striyogyps Gail lard are extinct genera 
in the Phosphorites of Quercy, France, in which Bnho Cuvier and Asio 
Brisson are also recorded. Strix Linn, ranges up\vards from the Lower 
Miocene in Europe. 

Sub-Order 14. PIOARIAE. 

This is not a natural assemblage, and no diagnosis based on osteological 
characters alone can be framed to include all members, though a better 
agreement is to be found in the pterylosis and muscles. The hyjiotarsus 
never contains the number of tendinal perforations found in the Passnes^ and 
there arc often peculiarities in the arrangement of the toes ; thus some swifts 
and goatsuckers have the number of phalanges 2, 3, 3, 3 ; the woodpeckers, 
cuckoos, and toucans have the fourth toe reversed ; in the colies the first too 
may be turned forwards ; and in the trogons the first and second toes 
are directed backwards. The Pici, characterised by a degenerate palatal 
structure, and the decurved end of the scapula, are united by Furbringer 
with the Pasfteres to form his Pico-Passeres, 

The hinder part of a skull from the London Clay of Sheppey {llahyornis 
Owen) has been compared with that of a kingfisher, but its affinities are 
doubtful. 

Uintmiiis Marsh, related to the woodpeckers, and Crypt ornis Gervais, a 
relative of the hornbills, occur in the Eocene of Wyoming and France re- 
spectively. Cypselus^ Limnaiai'nis, a hoopoe, IVogon, and Necrmids, one of the 
MuscophagidaCy are from the Oligocene and Miocene of France, the last two 
hinting at a former more northerly extension of the African avifauna. 
Archaeotrogon Milne Edwards, GeranojHerus M. Edw., and Cypselavus Gaillard 
are extinct genera in the Quercy Phosphorites. 

Sub-Order 15. PASSEEES. 

The Sub-Order Passeres embraces about one-half of the existing species 
of birds, mostly of small size, the raven being the giant of the Sub-Order, 
widely distributed over the globe. The skull is aegithognathous.^ 

Except in Chobrnisy in which the fourth toe is a mere vestige, there are 
three toes in front and one behind ; the hypotarsus is more highly specialised 

^ Parker y W. IT., On the Skull of Aegithognathous Birds. Trans. Zool. Soc., vol. ix., p. 289, 
1873 ; vol. X., p. 251, 1878. 
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than in any other group, having four largo tondinal perforations, and some- 
times two smaller ones in addition. 

The earliest Passeres occur in the Middle Eocene of Wyoming {fJehe 
Shufold t), and in the Upper Eocene of the Paris Basin {Pala>egithalu8 Gervais 
and Laurillardia Milne Edwards). Falaeoapiza Allen is found in the Miocene 
of Colorado. These and all later remains are very fragmentary. 

In conclusion, it may be well to repeat that our knowledge of the 
phylogeny of the various groups of birds is very imperfect, and that most 
of the fossil forms are not only representatives of well-known families, but 
often belong to the same genera as species now living in the same geographic 
area in which the fossils occur. This is in marked contrast with what we 
find in the Mammaliji, for not a family of these occurring in the Eocene, and 
few in the Miocene, are represented by living species. 

From the fact that the majority of birds possess the power of flight they 
throw little light on the problems of former land connections and lines of 
distribution, although the}^ may to some extent indicate climatic differences 
between the past and the present. There is a great gap between the birds of 
the Eocene and the toothed birds of the Cretaceous, and a greater one between 
these and the Jurassic Archaeaidm/x, while the point at which birds diverged 
from reptiles and assumed feathers is still unknown. 
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Aulostoinidae, 165 
Auluxacanthus, 96 
Autostylic, 14 
Auxis, 176 
Avalonia, 376 
Avos, 427 
Axelia, 114 
Axrstfrnys, 320 
Axestus, 320 
Axonost, 7 

llatMia, 806 
IJaeiiidae, 306 
Ikiiniu, 259 
iJaleiiehthya, 145 
Halistes, 182 
Baiituchelys, 305) 
llapheteH, 204 
lluptarKMion, 281 
llaptemys, 311 
llaptoT-Tiis, 438 
Baptosaurus, 340 
Barbus, 157 
Baroi'uia, 444 
Barosaurus, 389 
Barramuiida, 100 
IJaiycuomata, 24 
Baseoat, 7 
Basihyal, 17 
Basileniys, 311 
BathyguaUius, 252 
Bathysoina, 172 
Bathythrissa, 151 
Batrachia graUientia, 227 

salleritia, 220 

Batnichians, 189 
Batiachi<lerpeton, 221 
Batrachupus, 350 
Batrachosaurua, 344 
Batrachosuchus, 218 
Bauria, 266 
BauriaTiiorpha, 266 
Bdellodus, 69 
Bplemmicaiithus, 39 
Belcmnobatis, 80 
Bellia, 313 
Bekvlori, 846 
Jkd(xic>iitidae, 346 
Belone, 164 

Belonorhynchidae, 124 
Beloiiorbyiichua, 124 
Belonostonius, 144 
BeloBteufl, 44 
Beriedenicbthys, 121 
Benedenius, 121 
Benneviaapis, 85 
BentbosaurUB, 210 
BerniBsartia, 362 
Berycidae, 168 
BeryciformeB, 168 
Berycopuls, 169 
Beryx, 168 
Bii*d», 427 
Birgeria, 119 
Bifkenia, 23 


Birkeniidae, 23 
Bitis, 343 
Bleniiiidae, 179 
Blennii formes, 175) 
Bleunioinoeus, 132 
Bleiiiiius, 179 
Blicca, 157 
Blochiidae, 177 
Blochius, 177 
Boavus, 343 
Bohasatrania, 122 
Boidae, 348 
Bolbodoii, 244 
Bony Hshes, 149 

pikes, 144 

BorlM)r()phagus, 216 
Boreaspis, 3(5 
Boivniys, 300 
Boi*eosf)mus, 119 
Botauroides, 448 
Bothremydidar, 309 
Botbreinys, 310 
Bofchrirepa, 21 S 
Bothriolepis, 89 
Bothriospondylus, 3SS 
Bothnnion, 344 
Bothus, 167 
Bottosaurus, 8()6 
BrachaucheiiiuH, 295 
Brachioptoi ygi i , 109 
Bi-Hchiosauridae, 387 
Bi’achiusaurus, 387 
BraebyacHTilbus, 53 
B raeby brack iuin, 261 
Brachyceratops, 411 
Bracby chain psa, 366 
Bmchydectes Co}ie, 22«) 
Bracbydectes Owen, 362 
Braebydirus, 44 
Bruch ygnathosuchus, 
367 

Brachygiiathus, 45 
Bracbyichthys, 138 
Bruc.hylebias, 163 
Bracbymylus, 96 
Bracby ops, 218 
Bracbyopsijlae, 217 
Braebyosteus, 44 
Braebypareia, 241 
Brack ypterygi us, 281 
Brack yrhinoiion, 324 
Bracbyrhynchus, 178 
BrachysauruB, 340 
Braebysuebus, 349 
Bradyodonti, 80 
Bradysaurus, 241 
Bradysuchus, 241 
Bi-aiicasaurus, 294 
Branchial arches, 17 
Bmiicbjalia, 17 
Branch iosauravus, 225 
Branch iosauria, 223 
Branch iosauridae, 223 
Branch iosauruH, 223 
Braiinerion, 151 
Branta, 448 
BraaileosaarnB, 380 
Bregrnaceros, 167 
Briniosaurus, 295 
Brodiechelys, 307 
Broil’elluB, 213 
BFonticblbys, 45 
BrontorniB, 446 
BrontosauruB, 391 
Broometta, 120 
Broomia, 844 
BruenniHanruR, 262 
Bi-OHmiuR, 167 
Bimiweiia, 151 
Biowniella, a51 
BryactinuH, 97 
BryehaetuK, 153 
Bubo, 451 
Bucklandium, 158 
Buottneria, 215 
BufavuR, 232 


Bufo, 231 
BufouiteH, 21 
Bui bus arteriosus, 108 
Burnetia, 269 
Burnetianiorpha, 260 
BuHtanls, 446 
ByHsacantboidos, 39 
Byssacanthus, 39 
Bystra, 314 
ByxenoH, 5»l 

Calmlus, 446 
Cachuga, 313 
Oacops, 213 
Caiman, 366 
Ctiinmnoidea, 366 
CalamagraH, 343 
Calauioichthys, 116 
Calarnops, 216 
Calamospomlylus, 880 
CalamoMl/Oina Afjtussiz, 16(> 
Calamostoma StciU’ 
(Uichner, 181 
Cali|;nathus, 132 
Callibrucbion, 250 
CallirmyiniiR, 178 
Callipteryx, 178 
Callr)pnKt(KluH, 93 
Calloptei-ns, 188 
Callorhynclius, 97 
Canianisaurus, 389 
Cam pod UK, 63 
(^ampfcaspis, 42 
Camptonotus, 398 
Camptosaunis, 35>S 
CampyJiKlon, 3‘)3 
Campylodus, 56 
Campylognatbus, 417 
Campyloprion, 65 
Cnnadiptenis, 102 
CanobiuN, 117 
CiintioHcyllium, 76 
OiplUxiuH, 158 
Capit-oKJiuridae, 214 
CapitosauruK, 214 
Capittiluin of rib, 235 
Oiprr>bpryx, 169 
Capros, 170 
Captorbiuidae, 245 
Capt-orhiuus, 245 
Carangidae, 170 
Carangopsis, 172 
Caranx, 172 
Caraiwice, 297 
Carboniferous FiKlies, 183 
Carboveles, 120 
Careharias, 79 
Carebariidae, 78 
CarebarinuH, 75) 
Carchai’ocleH, 78 
CarcbaiTslon, 78 
Cjircbanxlon tosauruK, 

383 

Carebaroides, 77 
CarcharopHiK, 65 
Cardiodon, 887 
CardipeltiH, 28 
Caretta, 315 
Carettocbelyidae, 319 
CarettoebelyH, 319 
Cariama, 446 
Carinatae, 434 
Carlesia, 330 
Carps, 157 
CarrionelluM, 168 
CtirsosauruH, 331 
Cartilaginous OanoidR, 
116 

CarulclitbyB, 122 
CoRea. 250 
Cafleklae, 250 
CaAsowary, 440 
CaHtreHia, 320 
Casuarius, 440 
Cat-ftsheB, 158 
Gataplaura, 315 
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Cutoptorulaft, 123 
Catoptenis liedfield, 123 
Cal-opte.rus Agasbiz, 100 
Oaturus, 138 
Cuiuliita, 227 
(Jaulodoii, 3t)4 
CearuTia, 148 
Cwcomorpliati, 445 
Cela, 442 
CeiKihroduK, 127 
OuitrarchitoK, 170 
(Jentrina, 74 
Ce7itrisci(ia»*, KiO 
CHIltl’IS(MI.S, 1(J<) 

C<;utr()duH, 110 
(l«*ntr()lHpis, 120 
Ceutr(ii)U<3roi(lcs, 73 
Cf^nt-i»»pli()ius, 73 
Coiitiosaurus, 410 
C/’f*ntrum of viiiUibra, 0 
Oephalaspidae, 30 
Crplmlaapis, 32 
Cephalastroii, 324 
Ceplialastronius, 324 
C*'phaltMpat<m, 219 
Ct^plialonia, 324 
(^iplmlopbanis, 2(5 
(/CplUMHJplOKUS, 141 
CV5ianiunis, 14(5 
Ci‘iaMi)is, 39 
Cerataelurus, 261 
C.’ri‘ab<*i pi‘b(»n, 220 
C<*rat.()l»ancliial, 17 
CeratocludyH, 309 
C**raUKloiiti(la»*, 104 
C«*rat<)(lu.s, 104 
Ccratoliyul, 17 
Cerate )ps, 408 
(yi'ratopsiu, 35)4 
Co7 atopKi»la<% 407 
Ccaato.saiinis, 382 
Oratol.T'iiihia, 7 
CVi'dcMlon, 2(52 
Caid<)};iiat1in.H, 2(54 
CVrt'siosaunis, 28i( 
C(*stra(;ion, 71 
C«*sti‘aci(>ntidaa, 71 
C^itai'throsaoi'ds, 2S2 
CntioKauria, 385 
ColiosaurifUn*, 387 
C(*tiosanriKcuH, 387 
Cftiosaurus, 3s7 
CdtorhinuH, 78 
Cbaf’todoiitidaH, ISO 
ClwudodontiforiiK^s, 180 
ChalcmiiiH, 88 
ClialcoHHurus, 210 
ciianiaidountidae, 332 
Cliamopa, 330 
Chaiiii>Mosauiidne, 32(5 
ciianipsosaunis, 32(5 
(jhai)idae, 152 
Chanoalas, 152 
Chanos, 152 
(lhamcilepis* 157 
Cliaracinidao, 157 
Characudus Davis, 98 
Chara(^»duH Oavn, 111 
Chari toniys, 30(5 
ChiiritoHoinua, 1(52 
ChuKmatoKHuruK, 345 
Clmsmosaurus, 411 
Chainm, 447 
Cheiracanthua, 5(5 
CheirodopsiM, 121 
ChfiirodiiH, 121 
Chefrolepia, 117 
CheJroptoryjjliim, is 
Cludrothoriuni, 851 
CliPiroth(^roides, 350 
Chelmo, 180 
ChetcKUiia, 310 
Chelon43, 315 
Chalonamya, 808 
Chelonla, 295 
Ohelonichthya, 38 


CholoiiideK, 308 
Cheloniidae, 314 
ClujUmiitts, 21 
ChHotrlt<jn, 229 
ChnIydoHaiiruM, 210 
CliHlydra, 311 
Ch«lydri(la(>i, 310 
Chtdyidae, 810 
Cludyophcinm, 44 
CludyojKjsanrus, 2(51 
CludyujJsiH, 31(5 
ClKdyrhynchiis, 259 
Clielya, 310 
Ch(?lyyuirium, 304 
Chelyzoon, 304 
Chtiiusosaurus, 401 
Ohoiiomoriihap, 44(5 
ChotioproaopUH, 207 
CliPraidaR, 313 
Ch(n’i‘on bones, 234 
Cbi(;ole]iis, 153 
('hilomycterus, 182 
CbilfMiyx, 244 
(Jbilosoyllium, 7(5 
Cbirnaera, 94, 98 
(3dinaera(tanlhus, 9(5 
Chiinaeridan, 9(5 
Cbiniaeropsis, 9(5 
C.hiroeentridae, 153 
Cbirocentrites, 154 
Cbirodonbrus, 153 
Chiruniy.st,nH, 154 
Ch 1 r< )steiiotH.s, 3.s0 
Cyhirothricidae, 1(53 
Cliiroihrix, 1(53 
(ybisternon, 30(5 
Cbit(nio<lus, 88 
Cbitra, 320 
(MutracKiphalns, 810 
Chiwptasaurns, 2(55 
(’hlarnydoselache, 73 
Cboorosanrus, 2(52 
(>ltolopbidia, 342 
(-•liokM ids, 451 
('h<)inat<xlns, 89 
(’hoinetokadinon, 325 
CboiKireiichelya, (52 
Clw nulropterygii, 50 
Cliondi-osl-ei, 1 1(5 
CJliondrosteidan, 123 
(?ho M d !•< )ste( )saiii us, 388 
CUondro8t(!ns, 123 
(/borda dorsalis, 1, 8 
Choristodera, 32(5 
Cbromidae, 174 
Chrornis, 174 
Chrysornys, 812 
Obrysicbtliys, 158 
Clirysopbrys, 173 
Cichlasorna, 174 
Cicldiduo, 174 
Cicoida, 448 
Cimocholys, 315 
CirnoliaHanrns, 295 
Ciniolicbthys, li50 
CiniolopUn-yx, 439 
Cinixys, 313 
Cinosternidae, 811 
Cinostarnum, 811 
Cinotliorax, 313 
Cionoiion, 899 
Cistocepbalus, 2(50 
Cistudo, 318 
Citliarichthys, 168 
Cladistia, 109 
Cladocyclua, 164 
Cliidodus, 58 
Ciadornis, 445 
Cladosolache, 67 
Oladoselachidae, 67 
Cladyodon, 376 
CUvorhynchna, 401 
Claoaaiirus, 399 
Clasmodosaurus, 386 
Claaaiflcation of Ashes, 21 
Clastes, H5 


Claudius, 311 
Clavicle, 18, 108 
Cleithrolepis, 127 
Cleithrum, 18, 108 
Clemmydopsis, 812 
Cleiurnys, 812 
Clepsy drops, 251 
Clep8ydroi)sidae, 250 
Clidastes, 838 
ClimatiuK, 53 
Cliinaxodus, 91 
Clinus, 179 
Cliorhi^codon, 255 
Clupoa, 155 
Clupeidae, 154 
Cneiiiiornis, 447 
Cobibis, 157 
Cobitopsis, 1(54 
Ooccoaerma, 115 
Coccodus, 13(5 
Coccolepis, 120 
Coccosboidae, 42 
Coccosteus, 44 
Cochleosauridae, 212 
Oochleosaurns, 212 
Cochliodontidae, 87 
CochlioduK, 88 
CocytinuH, 226 
Goii-tishes, U56 
Coecilians, 22(5 
Coela<;antl>i<lae, 114 
Coelacanthopsis, 1 14 
CoHlacunthus, 114 
Coolodus, 135 
Ooelolepidae, 25 
Coelolepis, 26 
Coelopbysis, 379 
Coelorbynehus, 177 
Coelosaurus, 384 
Coelosiicbns, 362 
Coeluridae, 880 
Coelurosauravus, 322 
Coelurosauria, 375 
Co(durii8, 380 
Colies, 451 
Colobodoniidae, 127 
Colobodus, 127 
Coloborbyncbus, 422 
Colossochelys, 813 
Colosteus, 225 
Coluber, 343 
Colubridae, 343 
Goluinba, 450 
Columbae, 450 
Colymboides, 445 
Colymbosaurus, 294 
Coiiinientrya, 118 
Com psacan thus, 61 
Compsemys, 311 
Compsognathidae, 879 
Compsognathus, 879( 
Gonchiopsis, 114 
Conch iosaurus, 288 
Oonehochelys, 820 
Conchodiis, 101 
Conchopoma, 102 
Condor, 450 
Congosaurus, 359 
Coriiasaurus, 841 
Coniornis, 488 
Conodecbes, 205 
Conodonts, 40 
Conodus, 138 
Conuropais, 451 
Conus arteriosus, lOS 
Coot, 446 
Copeichthys, 155 
Coi>odontidae, 03 
Copodus, 98 
Coracoid, 18, 108 
Oorax, 77 
Cormorant, 449 
Corydoras, 168 
Corythosaurus, 401 
Gosmacanthus, 55 
Cosmlne, 5 


Cosmochelys, 318 
Cosmolepis, 120 
G08mo[x>mu, 118 
Cosinopty Chius, 119 
Cottidae, 180 
Cottopsis, 180 
Cottus, 180 
Cotylosaiiria, 240 
Cranes, 446 
Cras{)edodon, 398 
Crassigyrinus, 204 
Crataeomus, 405 
Craterosaurus, 405 
Cratochelone, 315 
Cratoselache, 60 
Cratoselachidae, 00 
Crenilabrus, 174 
Crenih^pis, 127 
Creosaurus, 382 
Cretaceous Fishes, 186 
Cretaceous Reptiles, 426 
Cretornis, 423 
Cricodus, 111 
Cricosaurus, 3(i0 
(Jricotifiae, 204 
Cricotillus, 205 
Cricotus, 206 
Criorhynchus, 422 
Cristiceps, 179 
Cristigerina, 170 
CrocodileimuH, 859 
Crocodilia, 852 

, Range of, 867 

Crocodilidae, 866 
CrocodilUH, 367 
Crossognathus, 155 
Grussopholis, 124 
Crossoptoryglan An, 19 
Crossopterygii, 109 
Crossorhinus, 70 
Crossotelos, 221 
Crotalidae, 848 
Cruschedula, 445 
Cryphiolepis, 120 
Cryptobranchus, 229 
Cryptocleidus, 294 
Cryptocynodon, 261 
Cryptodira, 810 
Cryptodraco, 898 
Cryptornis, 451 
C’ryptosaurus, 898 
Crypturi, 448 
Ctenacanthidae, 58 
Ctenacanthus, 58 
Gtenaspis, 28 
Ctenerpeton, 219 
CtoniogenyM, 330 
Gtenochasma, 420 
Ctenodentex, 173 
Ctenodontidae, 102 
Ctenodus, 103 
Ctenoid scales, 6 
Ctenoidei, 21 
Ctenopetalus, 89 
Ctenoplouron, 28 
Otenopoma, 179 
Ctenoptychius, 90 
Ctenosaurus, 252 
Ctenothrissa. 156 
Ctenothrlssidae, 166 
Cuckoo, 461 
Cultriform process, 197 
Cumnoria, 898 
Curtodus, 69 
Cyamodus, 283 
Oyathaspis, 28 
Cybium, 175 
Cyclemys, 318 
Cyclobatis, 82 
Cycloderma, 820 
Cyclogomphodon, 268 
Cycloid scales, 6 
Cycloidei, 21 
Cyclolepidoti, 141 
Cyclopoina, 170 
Cycloptyoliius, 117 
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Cyclospondylic, 51 
Oyclostomi, 40 
Cyclotosaunis, 214 
Cyclurus, 140 
Cycnorliamphus, 420 . 
C:!ygiiavu«, 448 
Cygnoptertis, 448 
Cygnns, 448 
Cy]iu(lraoanthu8, 177 
(^ymatosaurtis, 2S‘> 
Cynibospoiidylu.s, 2t0 
Cynarioidtjs, 2t>4 
Cyiuiriops, 204 
Oynkliognuthus, 267 
Cynocorcus, 
C^yiiochainpsa, 264 
Cynodontia, 266 
Cytiodont/osuchus, 863 
Cynodraco, 264 
tJynognathidae, 267 
Oynogiiathus, 267 
(Jynogoiripliius, 207 
Cynopodius, 00 
Cynosiichoides, 267 
Cynostichus, 267 
Cypholepis, 30 
Cypliornis, 440 
Cyprinidae, 167 
I’yprinodontidae, 1<»3 
Cyprinus, 157 
Cypselavus, 461 
C’ypselus, 451 
Cyrtonotlus, 88 
Cvttoidos, 160 
Cyttus, 170 

Dacentrunis, 4U5 
IlactyltKlus, 00 
Dactylolepis, 127 
Dactylop<igon, 162 
Dactylosaurus, 289 
Daedalichthys, 12H 
Dakosaurua, 361 
Damonia, 313 
Danubiosaurus, 406 
Daptnlius, 128 
Dapejioglossus, 153 
Daptinua, 154 
Darter, 440 
DasornU, 447 
Daatilba, 156 
Daaycepa, 211 
Daaylppia, 87 
DatneoeauruH, 222 
Dauniclibhys, 157 
Daunophia, 343 
Dawsonia, 224 
Deinodiis, 60 
Deinosuclius, 367 
Delphaciognathus, 264 
Delpliinognathna, 251 
Delpliiiiomis, 445 
Delphi nosaurns, 280 
Deltodus, 88 
Deltoptychius, 88 
Deimea, 58 
Dendrerpeton, 210 
Dendrodns, 114 
Dendroptychius, 111 
Deuea, 58 
Dentex, 173 
Deroetidae, 158 
Dereetia, 158 
Dermatemydldae, 81 1 
Dermochelyidae, 817 
Deriijochelya, 818 
Dermodaetylufl, 422 
Desmacanthiie, 66 
Deamatochelye, 80J 
Deainatodon, 244 
Deamatoauchidae, 849 
Deannatosuchoa, 840 
Deamamya, 808 
Desmognatlioua, 431 
Desinospondylua, 205 
Deuterosaorua, 255 


Devisia, 311 
Devonian liahes, 183 
DevonoMteus, 112 
Diacranodua, 01 
Diadectea, 248 
Diudectidae, 843 
Diadectoides, 243 
Diademodon, 268 
Diademodontidae, 268 
DiidetogtiaUins, 217 
Diaelurodon, 261 
Diiiphorapleryx, 446 
Diapliyodus, 173 
DiiipophyHRs, 11, 234 
Diapsida, 240 
DiaaparaetuK, 244 
Diastichua, 1.57 
Diatrynia, 444 
Diatrymae, 443 
Dicellopygae, 120 
DicentroduH, .58 
Diuer:ito)i8, 4o0 
DiceratOHaurns, 220 
Dichelodus, 88 
Diclonius, 300 
DicraeosauruH, 300 
Dicranojiygoma, 2 >7 
Dicr-enodna, 65 
Dictaea, 01 
f>ictyocephaIuH, 216 
Dictyodus, 175 
1 dctyolfpis, S7 
I )U‘fcyonoiitous, 111 
Dictyo])yge, 123 
l)i<*ynodon, v.57 
Dicynodontia, 256 
DicyuodonUdae, 2.57 
Didano<lon, 300 
Didius, 450 
l)idyiiia.s})i8, 37 
Diictodoii, 259 
Dimetro(ion, 251 
fliinodosaurus, 376 
Dimorphodon, 416 
Dimorphodontidae, 416 
Dinartama.s, 255 
Dinelops, 151 
Dinichbhya, 44 
Dinily.sia, 344 
Dinoc'ephalia, 253 
Dinocynodoii, 255 
Dinodocns, 389 
Dinodon, 383 
Dinodontidae, 383 
Dinognathua, 47 
Diuomyloatoina, 47 
Dinophia, 343 
Dinophoneua, 255 
Diiiopteryx, 160 
Dinorni.s, 442 
Dinornithidae, 441 
Dinosaurta, 368 
Dinoapbageua, 255 
DinosuchtiK, 367 
Diodon, 181 
Diomedea, 445 
Diopaeus, 250 
Diopeephalus, 420 
Diphycercal tail, 12 
Diplacanthidae, 58 
Diplacsnthus, 53 
Diplaapis, 28 
Diplocaulidae, 221 
Diplocaulua, 221 
Diptocercides, 114 
Di]>locynodon, 366 
Diplodocidae, 302 
Diplodocua, 302 
Diplodua, 61 
DiploglOBSOH, 832 
Diplognathua, 46 
Dlplolepia, 142 
Diplomyatas, 155 
Diplopeltiirae, 232 
Diplopterasy 110 
DipIoaaUnui) 362 


Diploapondylic, 51 
Diplovertebroii, 203 
DipUtrua, 114 
Dipnoi, 00 
Dipnorliynehua, 101 
Dipriacanthua, 00 
Dipriatis, 07 
Dipterldae, 100 
Dipteroma, 118 
Diptoronotua, 127 
Dipterua, 100 
Diracodon, 404 
Dirhizodun, 70 
DiKcogloaana, 231 
Discoaaurus Cretins r, 208 
Diacosanrua LcUly, 20.5 
Dis.soroph i<iae, 2 1 2 
Diaaoropliua, 213 
Diaticholepia, 132 
Ditaxiodua, 138 
DitriK-.hoMaiirua, 271 
Dittodihs, Hi 
Divera, 445 
Dixeya, 265 
Dtulo, 4.50 
Dolichojtareia, 241 
Dolicho)iureia.s, 225 
DolichopbtTUH, 127 
Dolifhorhynchnps, 205 
Oolichosauritlat!, 331 
Dollchosauni.a, 331 
Dulichoaotna, 222 
Dolichosoinidao, 221 
Dolichovertebra, 280 
Dollodns, 50 
Dolloptorua, 127 
Dol!oi<HuruH, 340 
Doratotlon, 862 
Donitorhyiichua, 410 
Dorygnathua, 417 
Dorypterus, 122 
Dranitesauria, 240 
Dre}>anacantims, Oi) 
Drepana»ipida(‘, 28 
Drepanaspi.s, 28 
Drepanephorus, 71 
Droniaeidae, 440 
Droinaeognatbat;, 430 
Droinaeognathoua, 431 
Droinaeosaurus, 883 
Droinaeus, 440 
Dromasauria, 256 
DromicosauniK, 377 
Dromornis, 440 
Drydeniua, 117 
Dryosanrus, 305 
DryptoHauriKs, 3SS 
Ducks, 446 
DuIc.h, 170 
Dvinosauridae, 212 
Dvinosaurus, 212 
Dwinia, 268 
Dynnmosauru.s, 383 
Dynatobatia, 83 
Dyoplax, 8.50 
Dyoploaanrns, 407 
DyptychosteuH, 30 
Dyrosaurus, 350 
Dysalobosaurus, 805 
D} stropbaeus, 887 

Eagle, 450 
Bagle>ray8, 85 
Bcaudata, 220 
BccaHaiiras, 254 
Ecbeneis, 175 
Ecbidnocepbalua, 159 
Bchinodon, 405 
Ecbinorhinua, 74 
Bcbinatemya, 812 
Bcrinesomns, 122 
Ectocynodon, 245 
Ectosteorhachis, 110 
Kdaphodon, 97 
Edaphoaaaridae, 252 
Edaphosaurus, 258 


Bdestidae, 63 
Kdestosaurus, 338 
Edestas, 64 
Kdinontonia, 407 
Edmontosaiu'us, 800 
Eels 163 
Kgertonia, 174 
Eggs of Birds, 434 

of Chitnaeroids, 08 

of Dinosauria, 373 

of Skates, 86 

of Tideosaurians, 350 

Eidolosaurus, 831 
Kifelosaurus, 824 
EklMiiiiacantlius, 280 
Klapliis, 348 
Klaplin>Hauru.s, 3S0 
BlaHinobrancbii, 50 
Blasmorlectes, 07 
Elasniodus, 07 
ElasiuognatbiiK, 07 
Ehisroosauridac, 204 
Ela8nu).saurus, 204 
Elaveria, 118 
E legal) taspis, 42 
Elginia, 248 
Kllimina, 155 
El]ip«i.s, 155 
Elcjchelys, 310 
Kkiriichthys, 110 
Elopidae, 150 
Blopopsis, 150 
Blops, 15 1 
ElopU'ryx, 4 49 
Elornis, 447 
Elosanrus, 387 
Elpiso]>boliN, 120 
Klseya, 310 
KinbiipliiHs, 205 
Einbolonif'ri, 208 
Erobolonnu'ous vtole* 
brae, 104 

Embolophoru.s, 251 
EinbritlioHanrns, 248 
Emeu, 440 
Bmeu.s, 442 
Empedias, 243 
Einpo, 160 
Emyda, 320 
Bniydidae, 312 
Emydochampsa, 261 
Kmydop,s, 261 
Emydopsis, 261 
Einydorhyncbu.s, 261 
Emydura, 310 
Emydunivus. 261 
Eniys, 812 
EiiiysuchUH, 867 
Enaliochelys, 808 
Enaliornis, 438 
Enaliosuchus, 361 
Enarncl-scaled fishes, 105 
Encbelurus, 150 
Enclielyolepis, 132 
Encbelyopus, 164 
Bncbodontidae, 169 
Bnchodus 160 
Endogorupbodon, 201 
Endothiodrui, 261 
Kndothiodontidae, 200 
Engraulis, 155 
Engycolobodus, 128 
Enncles, 151 
Enneliuhthys, 151 
Eiiiieodon, 161 
Enobiua, 255 
Bnseostens, 44 
Eoarctopa, 265 
Bobaphetes, 208 
Kobatrachus, 281 
Eobothiis, 167 
Bobrycon, 157 
Eocene ttsbes, 1$7 
EoeeorniH, 448 
EoceratopH, 408 
Eochelone, 615 
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Eocoetopoma, 175 
EocobtuH, 180 
Eoct^MioduH, 101 
Eocyclox>8, 

BocystiH, 40 
EogyrIuuK, 208, 
EoichthyB, 40 
BolabroideN, 174 
Eonitisotloii, 183 
EomyruH, 164 
KoOroilus, 06 
Eopolobates, 231 
Bopiistis, 81 
KosaiiravuH, 222 
Kohuui us, 218 
EoHfMiiionotuK, 128 
BoHfi'petoii, 220 
K<>H<‘i‘raim.s, 170 
Bo.simops, 260 
EoMphiirgis, 315 
Kosplicini.scnrt, 445 
Eostoga, 440 
Eosuohiii, 344 
Eortuchu.s Diitlo, 306 
Eosucbns Watiton, 344 
Eotbynnns, 175 
Eotrigonodon, 182 
Eox«'iioi>oi«b‘s, 231 
Epbippus, 180 
Epibrunc'hial, 17 
Epicampodoji, 377 
Epicoiiitodus, 105 
Epicordyliis, 208 
Epiliyul, 17 
E}iip<‘Uibo)i( liys, 40 
E'xuula, 172 
Ei’^'clopus, 3S3 
ErHmoiM‘ZUS, 441 
EnOauoKuuruH, 2i>2 
Erioiolacerta, 200 
EriphoHt.oiua, 2(54 
KriHichfcbo, 143 
ErisinacantbUH, 09 
El isinaU)i)toniM, 170 
Erpatosaurus, 225 
Ei’iM'tosuchus Moodie, 
203 

Erpf'tosuchus Newton, 
850 

Erqin‘linia*sia, 316 
Erycidac., 313 
Eryopidao, 208 
Kryops, 208 
Brythrocbampsa, 352 
Erythrosuchidae, 346 
ErythroHachiis, 345 
BaocelopH, 161 
EHOcidae, 163 
Esotorodon, 2(51 
E«ox, 163 
Ebrum(oi8, 166 
Eubaena, 30(5 
BubloJt*cte«, 164 
Eubnichiosaurns, 261 
Bubrontea, 305 
Eucarnerotus, 888 
BucentruruH, 40 
Bucephalaapia, 32 
KucUirosaurus, 200 
Euclaatea, 316 
BucnomaaaurnH, 37(5 
EiictaniiiH, 99 
EugaleuH, 70 
Eiignathidaa, 137 
Eognathidea, 142 
EugnatbuR, 138 
EdgyrinuH, 224 
EttkeraRpiR, 86 
Eumatfchevia, 249 
Eumicrerpetoii, 224 
'EumylodtiH, 97 
BnnoboRauria, 247 
Eunotosauridae, 247 
EunotoRauroR, 247 
Euoplbcophalua, 406 
Euornithea, 448 


Eooniitbic palate;, 431 
Euparkariu, 360 
Eopeleir, 218 
Euphaneropidaa, 26 
KuphaneropH, 26 
EiiplourogmuR, 6(5 
EuporoHtmis, 112 
EapoHauniR, 330 
BwpU^.roniis, 440 
Eurliinosaunis, 282 
Euryapteryx, 412 
Eui-yai-tliia, so 
Enryaspia, 30S 
Kurycarims, 267 
EuryclaiduH, 202 
EurycorinuH, 138 
EurygnathiiK, 1C»0 
EuryNipis, 117 
EuryiiotuR, 120 
Eurypbolis, 160 
Euryi>torygiUN, 280 
EuryHaunis, 288 
EuryMemma, 122 
Kuryatfiniurn, 308 
KuryHtetbus, 140 
EuHauropbaira, 222 
EuKelaeliii, 63 
Enseniius, 132 
Eiisk*d(;KaurtiH, 376 
Euatlu*ii<>pt(;iem, 111 
EnHUchiu, 362, 3e;3 
EathacantbiiK, 63 
Eutbynotua, 141 
Exoc<a‘t<)id;*s, 163 


Fajuinia, 168 
KuriKdliu, 40 
FieiaalVr, l»i7 
Filliolornis, 440 
Fin*rayfi, 7 
Fins of liahea, 18 
F'islK^a, 2 
Fiaaoclus, 00 
Fistiilaria, 1(»6 
Flaconrtia, Ml 
Flamingoes, 447 
Flat-Hshes, 167 
Filiidersichtbya, 151 
Flute-nnmtha, 166 
F(M)tl)rints of Ste'goce* 
X)hali, 226 
Fouldenia, 117 
Frigate biKl, 448 
Fringe - linued Gaiioida, 
109 

Frit-scliia, 210 
Frogs, 231 
Fulmi, 108 
Fuligula, 448 
Furcula, 432 


Qaelidae;, 166 
Gad us, 167 
GafsaclielyH, 311 
Galechiriuae;, 266 
GalechiruH, 26(5 
Galeocerelo, 79 
Galeops, 266 
Galeopaidae, 266 
OalepUR, 266 
GalesauruR, 267 
GalesphyniR, 250 
GalcHachuH, 266 
Gaiens, 79 
Gallinae, 449 
GalliriuloideR, 449 
GallorniH, 448 
OalluR, 450 
GamphacanthuH, 99 
(iampsacantluiR, 99 
Gann)Rodactyluni, 324 
Ganuet, 448 
Oanodentiiie, 4 
Ganodiis, 96 
Ganoid scales, 6 . 


Gaiioidei, 106 
Gaiioine, 5, 8 
GanoltMliiK, ill 
GanopristoduH, 102 
Gatuirhynchus, 101 
GanoRteuR, 30 
Gasteronemus, 172 
Gasterosieidae, 165 
GaRtonuR, 447 
Gastfalia, 235 
GastroduH, 111 
Oaatrolitlis, 373 
Gaudrya, 212 
Gavialidae, 367 
Gavialis, 367 
QavialORUchus, 366 
Geikia, 260 
GolRacanthuK, 98 
Gempylidae, 176 
Geinuendina, 69 
Genyodectes, 383 
Genyornis, 440 
Geuemydu, 312 
Geoliemys, 312 
Geomichthys, 118 
GeoHtitiruR, 360 
Gephyroeercal tail, 12 
Gephyrostegus, 203 
Gephyrura, J63 
GeranopteruR, 461 
Geranosaums, 396 
Gerdalexds, 80 
GermanosauruK, 288 
Gerres, 170 
Gifl'onuN, 124 
(iiganticlitbyR, 81 
Gigantopbis, 344 
Gigantoptenis, 146 
Gigantornis, 445 
Qigantosaurus Fraas, 389 
Oigantosaurus Seeley, 388 
(^igantoscelus, 876 
Gill apparatus, 17 
GillicuB, 154 
Gillidia, 174 
Ginglymoatoma, 76 
GlanosucbuK, 262 
Glaticolepis, 119 
Glaucosaurus, 240 
Globidena, 341 
Globideritidae, 840 
Globuloflus, 122 
Olocbinodon, 267 
Glossoclielys, 315 
Glossodus, 90 
Glossoliyal, 17 
Glossoidaspis, 28 
GloRsopetrae, 52 
GlyptaspiR, 46 
Glypt-ochelone, 816 
Glyptognatbus, 214 
Glyptolaemus, 110 
Glyptolepis, 118 
Glyptoponina, 110 
Glyptops, 305 
Glyptorhynchus, 177 
Glyptosaurns, 832 
Glyptosteus, SO 
Gnatliacantlius, 98 
Gnathorhixa, 108 
Gnathosaunia, 420 
Goatsucker, 461 
Gobies, 178 
Gobiidae, 178 
Gobiiformes, 178 
Gobio, 157 
Gobiopsis, 178 
Gobius, 178 
Goliathia, 448 
Gomphod ont08uchu8,208 
Gonipbodus, 54 
Gomphognathtts, 268 
Gonatodus, 117 
Gondwanasaurus, 210 
Qoniobatia, 86 
Goniochelya, 811 


Gouiodus, 74 
Gonioglyptus, 214 
Goniopholidae, 361 
Goniopholis, 862 
Gonorhynchidae, 162 
Gonorhynchops, 162 
Gonorbynclms, 162 
Gonostoma, 160 
Gordonia, 269 
Oorgonichthys, 44 
Gorgon ognathuH, 265 
Gorgonoi)«, 264 
Gorgonopsia, 263 
Qurgonopsiflae, 264 
Gorgosaurus, 3S3 
Gosfordia, 102 
GraciliBaurus, 270 
GraculavuR, 446 
Grallae, 446 
Graphiurus, 114 
Grapteinys, 812 
Great Auk, 446 
Gresslyosaurus, 876 
Grippia, 27l> 
Gronlaudaspis, 45 
Gryphosaurus, 435 
Gryphus, 280 
Grypodon, 182 
Gryponyx, 876 
(>rypORaurus, 399 
(*ryp 08 uchns, 365 
Gulls, 446 
Gurnards, 180 
Gymnodontidae, 181 
GyiuiioduH, 181 
Gymnophiona, 220 
Gypochelys, 311 
Gy|w>8auruH, 377 
Gyp8t>rni8, 44(5 
Gyracanthieiae, 64 
Gyracanthides, 64 
Gyracanthus, 64 
Gy re Mine, 134 
Gyre)U;pi8, 110 
Gyroptyebius, 111 
Gyrostens, 123 

IlabrosauruR, 330 
Hadrianus, 313 
Haelrosanridae^, 3i>S 
Haeirosaurus, 300 
HadrosteuR, 44 
Huemapopbysea, 9 
Hag (Islie^R, 40 
liainosauruR, 340 
Halcye)rnis, 461 
Hulec, 161 
Halecoelon, 161 
Ilalecomorpbi, 189 
Haleejopsis, 165 
Halecerstenni, 145 
llalilimnosauruR, 360 
Hallopcxlidae, 377 
Haliopus, 377 
Halosauridao, 169 
Halosaurus, 169 
llalticosaurns, 380 
Hannovera, 78 
Haplacanthns, 63, 99 
Haplistia, 109 
Haplocanthosaurus, 887 
Haplorni, 168 
HaploRXK>ndylus, 140 
Haptodus, 250 
Hardella, 818 
Hargoria, 488 
Harpaccxlus, 89 
Harpactes, 189 
Harpactira, 189 
Uarpagornis, 460 
Har})agosaarus, 330 
Harriotta, 94 
Hatteria, 825 
Haversian canals, 1, 8 
Hebe, 462 
Hocatosaurus, a99 
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Helena's, 805 
lleloophilus, 844 
Ueloosaurus, 844 
Hftliarchoii, 221) 
Helichthys, 123 
Holicoprion, 05 
Heliobatis, 83 
Heliodus, 100 
Holocholyclra, 305 
Heloehelys, 805 
IlelCKlectos, 240 
H«lo(ierma, 332 
Helodermatidae, 832 
Helodermoitles, 382 
Il(‘lodn8, 87 
Helopanoplia, 820 
Helopus, 381) 
Hciiiibranchii, 105 
Heniicladodus, 121 
Hemictenodua, 104 
Hwmioytdaspia, 82 
Homi - heterocercal tail, 
12 

Hemilopas, 127 
Hernipristis, 79 
Hemiptychodua, 84 
Htunirhynchus, I7ri 
Ht?mithyrsitea, 170 
Hernitrypua, 229 
Ileiinigia, 79 
H<^ptadiocloii, 181 
Iloptaiichus, 72 
Hoptaneiim, 114'. 
Hercynosaurua, 217 
Hfirniosiornia, 440 
H«rodii, 448 
Hhioiis, 448 
Herrings, 154 
Ilijsperoi Ilia, 48.8 
Hnaporornithidae, 438 
Ileteracanthua, 99 
Hetm)e«‘rcal tail, 12 
Heterocditotritoii, 229 
Heterocoolous vertebrae, 
428 

Hetero-dlphycercal tall, 
12 

lleterodontoauchus, 847 
Heterodontua, 71 
Heterolepidotua, 138 
HeteroptyclKKlua, 85 
Ueteropytbon, 343 
Heteroi'liea, 440 
Heterosomata, 107 
Hotcrosteua, 46 
Heteroatraci, 25 
Heterostropbus, 129 
HeUjrosuchua, 304 
Heterothrissops, 141 
Hexaiichua, 72 
Hierosaurua, 40»1 
Hippocampus, lOG 
Hipposaurua, 205 
Hiatiocepbalus, 179 
Histlonot-ophorua, 179 
Hiationotua, 182 
Histiophorua, 178 
Hiatiothrissa, 155 
Hiatiorua, 155 
Hoactzln, 449 
Hoelaspia, 30 
Holacanthodes, 55 
Holacanthua, 180 
Holaspis, 28 
Holcfjoon, 160 
Holcodus, 839 
Holcolepia, 150 
Holocentroidea, 1C9 
Holocentmm, 109 
Holocephali, 94 
Holodua, 101 
Holonema, 46 
Holophagusy 114 
Holopa, 305 
Holoptychiidae, 118 
Holoptychius, 113 


llolorhlnal, 481 
Holosuurus, 339 
Holospondyli, 218 
Holosteua, 102 
Holurua, 118 
llomacantbua, 98 
Homalodus, 93 
Homo diluvii testis, 229 
Hoinocercal tail, 12 
Homoeolepis, 12t) 
llurnoeosaurus, 825 
Homonutua, It >9 
Homopus, 813 
llomnrhynchus, 170 
Homorophus, 311 
Homosteidae, 40 
llomoatoua, 4<> 
Hoinothorax, 39 
Hoopoe, 451 
Uoplitosaurns, 4(H> 
Jloplochelys, 811 
Hoplopleuridae, 15S, 159 
Iloplopteryx, 108 
Hoplopygua, 114 
Ibiplosuchus, 303 
Hornbill, 451 
Horse-mackerels. 170 
Hortal Otars us, 377 
Hova.‘<aurus, 845 
How’csia, 824 
Huginaspis, 42 
Hunariickia, 40 
Hussakofia, 45 
Hyaenaatiebus, 2(^2 
lIyb<jclado<l«i8, 05 
HybtKlontldae, 05 
Hylxxiopaia, 05 
Hybotlus, 00 
Hydraspis, 810 
Hydroinedusa, 310 
Hytiropelta, 307 
Hydropeasuin, 127 
Hydrosaurus, 381 
H ydrotherikornis, 445 
Hyla, 231 
Hylaeoliatia, 83 
Hylaeobatraeliiia, 22.S 
Hylae(x*.ban»psa, 804 
IIylaet»cbainp8idae, 804 
llylaeochelys, 307 
Hylaeosaurua, 405 
Hylerpeton, 219 
Hylonomidae, 218 
Hyloiiomus, 218 
Hyloplesion, 218 
Hyoid arch of lishes, 17 
Hyostylic, 15 
HypacroaanruK, 899 
Hyj)amia, 140 
Ilyptvntrum, 234, 870 
Hypapophysia, 234 
Hyperlophus, 155 
Hyperodaptnlon, 323 
Hyphaarna, 221 
Hypobranchial, 17 
Hypocentrum, 107 
Hyjxxsercal tail, 12 
Hypoliyal, 17 
Hypolopbitea, 83 
Hypolophua, 83 
Hypopnous, 245 
Hypoprion, 79 
Hypornithea, 480 
Hyposaurus, 359 
HypoapUeiie, 234, 370 
HypotcxJus, 70 
HypaeloniiH, 440 
HypaoloaanruH, 803 
Hypaibema, 401 
Hypailophcxlon, 896 
Hypsilopbodontidae, 895 
Hypsocxtnnus, 142 
Hypaodon, 161, 154 
Hypsognatbus, 245 
Hypeoapondylua, OX 
Hypiutil boiio, 12 


Ibidopodia, 448 
Ibitiopaia, 448 
Ibia, 448 

Ichthyerpeton, 204 
lebtbyalectes, 154 
Icbthyodectidae, 153 
Ichtbyodonditea, 0, 98 
Icbtbyoidea, 228 
Ichtbyopterygia, 272 
lcbtby(»pteryx, 445 
Icbtbyorhynchns, 124 
Ichthyornis, 439 
Ichtbyoriiithidne, 488 
IchtbyoHauria, 272 
Iclithyoaanridao, 280 
Icbtliyosauroides, 40 
Ichthyosaurus, 280 
Ichtbyotomi, 60 
Icbtbyotringa, 1«52 
Icticephalns, 2(52 
IctidogiiathuN, 202 
lutiriopsis, 2(»7 
fetid orb i n ida e , 206 
letidorhiiius, 2i»0 
Ictidosauria, 201, 209 
Ictidosuebus, 2t>2 
b'tirmcephalus, 53 
bliochelys, 308 
Iguana, .332 
Iguanavn.s, 832 
Iguanidae, 332 
Igtinnodon, 390 
IguaiHMlontidae, 890 
Ilysiidae, ;H4 
lnu)gaster, ItJU 
lm|M!nncs, 444 
lnfra(davicle, lOS 
Iiu».Htrans«‘via, 205 
lnt.<‘rcalaria, 9 
Intercentrnrn, 107 
I nttubaemals, 7 
Intermuaeulur bi>nea, 11 
Internenrals, 7 
Interof)erculii!n, 17 
InUuspinons bones, 7 
Iquius, 15«> 
Iscbnacajithidae, 58 
Ischnacanthns, 58 
I.schytxius, 90 
I.schypterus, 128 
Iscbyrliiza, M 
Istihynwephaln.s, 100 
Iscb 5 'r(Klr>n, 293 
Iscbyi’osaurus, 388 
Isistius, 73 
Isocoltim, 139 
I-sodectes, 24t» 

I.sopedin, 5 
Isopholis, 188 
Isospondyli, 150 
laotaenia* 97 
IstieuH, 151 
I.surichthys, 175 
Isunis, 77 

Jacare, 366 
Jaekelaspis, 42 
Jaekelotwlna, 76 
Jagorina, 59 
Jagorinidae, 50 
Janaaaa, 91 
Jonkeria, 255 
Julls, 174 
Jurassic lialiea, 185 
reptiles, 425 

KarlalioaanruH, 270 
Kalamoiketor, 216 
KallLstira, 811 
Kallokibotiidae, 306 
Kallokibotium, 306 
Kallostrakon, 28 
Kalodontidac, 395 
KangnaKaunis, 398 
Kannemeyeria, 258 
JCansiuS) 109 


Karoornys, 2(59 
Karpinskiosaurua, 206 
Karr(K) formation, 424 
Keirognathus, 257 
Koutrurosaurua, 406 
Keraterpeton, 220 
Kexat(K:epbalus, 254 
Keatrosaurus, 214 
Kieeraspia, 36 
Kidneys fossiliaed in 
flabes, 21 
Kindleia, 140 
Kingtlsher, 451 
Kinixya, 313 
Kinoaternon, 311 
Knightia, 155 
KtKilemaaauru.s, 241 
Koiloskuusaurus, 245 
Koskiiionodon, 216 
Kotlaasia, 206 
Konphiehninm, 380 
Kritosaurus, 399 
Kronosaurus, 295 
Kymato{)etalolepiN, 153 

Labidosauria, 245 
Lnbidosaurua, 24(5 
Lalxslus, 93 
Labrux, 179 
Labridae, J73 
Labnxion, 174 
Labrosaurua, 384 
Labnis, 174 
Labyrinthodon, 210 
I>4ibyrinttu)dont struc* 
tnre, 199 

Labyrint luxlontia, 213 
Laccoccjdialua, 210 
IjHccosuurua, 210 
Uicertii, 882 
LaetiVtilia, 328 

natjintia, 387 

l.K'velapa, 888 
Laganxlus, 93 
LandxbMlua, .58 
Lam lx*ostt urns, 401 
Lanu'tasnurus, 407 
Laniinsaurna, 255 
Lamna, 76 
Lainni(lu(s 76 
LainiKxlns, 114 
Lampreys, 40 
Lampria, 172 

I. uinprosaurua, 288 
lianarkia, 20 
Lanceosaurus, 380 
Land tortoises, 813 
Jjiopteryx, 436 
l.<aornis, 448 
Laoaaurus, S95 
IjaplataaanruB, 803 
Larlosaunis, 289 
[..naaniidae, 24 
Laaanioa, 24 

Lateral tin fold of flsbos, 
19 

Lates, 170 
Latipinnatidat^ 280 

J. iatonia, 281 
Laurillardia, 452 
lieathery iurilea, 817 
Leblaa, 108 
Lecracaiitbus, 99 
Leedaia, 148 
IjegnonotuH, 182 
Leiacanthus, 68 
Leidyoauohua, 307 
Leiodon, 888 
Iieiostcua, 44 
Lelpaanoaaurus, 405 
Lembonax, 816 
Lepidooottua, 180 
Lepidopides, 170 
Lepidopna, 170 
Lepidosaurla, 827 
Lopidosaurua, 180 
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Lepidosiren, 105 
LepidoHirenidae, 105 
Lepidosteidae, 144 
Lepidosteua, 144 
Lopidotrichia, 7 
Lepidotus, 180 
Lepoapondyli, 
Lepracanthtia, 98 
Leptacaiithus, 90 
Leptecodon, 101 
Lepterpeton, 220 
Leptocardii, 2, 21 
LcptoceratopH, 407 
L»^ptocheiru8, 280 
Leptoclnidus, 294 
LeptocraniuH, 358 
Leptolepulan, 147 
Leptolqns, 147 
Leptoinylus, 97 
Leptophructus, 205 
Leptopleuron, 245 
Luptoptttrygius, 281 
Lepboptilus, 448 
Lt'ptorharnplms, 865 
LoptorhyiicJius, 807 
Leptoroplius, 224 
Leptosomus, lOl 
L<^ptosteurt, 44 
Leptosiiclius, 849 
L6i)totrnchelUH wn der 
Mairlc, 159 

Lrptotrachelus Wataon, 
265 


LtvstOpliiH, 343 
LestosauMiH, 3S9 
LeuciKCUH, 157 
Leurosponclylus, 295 
Liassic flshcs, 185 
Ijiassolepifl, 147 
IfjibycoauchuH, 863 
IJbyH, 115 
Licliia, J72 
Lignobryeoii, 157 
Ijimnatornis, 451 
Llinnarpaton, 219 
liimnosaurus, 399 
Limnosctdidae, 246 
]witnn 08 celis, 240 
Liodestiius, 189 
Liodon, 340 
Liognathus, 44 
Lioplaurodon, 293 
Liagcxlua, 89 
Lispacanthua, 98 
Lisaoprion, 05 
ListracanthiiH, 99 
LithobatrachuM, 231 
IjithophiM, 843 
Llthornis, 450 
Lizarda, 828 
Lonchodectes, 422 
Loncliorhynchua, 214 
Loiicoaaurua, 883 
Longipiiinatidae, 281 
Lophaoanthus, 61 
Lophildae, 170, 179 
Lopldiformes, 179 
JjophioHtomuR, 139 
liOphiurua, 139 
Lophiiis, 179 
Lophmlus Jiomanowskyf 
06, 88 

Lophodus Sjfmondst 00 
Lophoprosopus, 846 
Loriooaaurus, 407 
Loricotlieriuin, 882 
I .nvnn^ii^ -804 
Loxommidae, 204 
Lunaspia, 42 
Luiig*nabdH, 99 
LutianuB, 178 
Luti*emys, 812 
Lycaenodontoides, 264 
Lycaenops, 264 
Lycochanijwa, 2C7 
liycQgnathus, 267 


Lycoptera, 147 
Lycorhinus, 209 
Lycosaurus, 204 
Lycosuclms, 202 
Lydekkerinu, 211 
Lydekkerinidae, 2ll 
Lyroccpbalus, 214 
Lysorophia, 225 
Lysorophidao, 225 
Lysoropbus, 225 
LystroHaiirus, 259 
Jjytoloina, 315 

Macellodus, 330 
MachaeracanthUB, 53, 99 
Machaeroprosopua, 340 
Macliiinoaaurua, 302 
Mackerel, 175 
MacreiJiatiuB, 132 
Maererpeton, 204 
Macroaethea, 126 
Macroch«dyH Gray, 311 
Macrochelya van Ikne- 
thn, 318 

Macroclemmys, 311 
Macromenon, 205 
MucroineroKaurua, 289 
Macrojielobates, 281 
Macropetalichthyidae, 48 
Macropetalichtliya, 48 
Macroplata, 293 
Macropoma, 115 
Macropterygiua, 281 
Macrorhipis, 147 
MaororhynebuH, 859 
Macrosaurus, 340 
Macroac^eleHuurua, 25r» 
Maeroaemiidae, 131 
Macroaeniiua, 132 
Macruridae, 167 
Macruroaaiirua, 898 
Macrurua, 107 
Mallotua, 167 
Mancalla, 445 
Mandschuroaaurua, 399 
Mano8X>ondyliis, 883 
Maiiouria, 313 
Marine turtles, 314 
Maroaia, 182 
Marsh tortoises, 312 
Mar.sii)obranchii, 40 
Martinichthys, 152 
Massospondylus, 877 
Mnstodonsauridae, 216 
Mastodonsaurus, 210 
Mastygocercus, 164 
MauisauruH, 295 
Mawsonia, 116 
Mazoiierpeton, 224 
Mediaspidae, 42 
Mediaspis, 42 
Megadactylus, 877 
Megalania, 332 
Megalapteryx, 443 
Megalaspis, 29 
Megalichthys, 110, 111 
MegalneusauruB, 294 
Megalobatrachus, 229 
Megalocephalus, 204 
Megalolepis, 175 
Megalops, 151 
Megalosaiiria, 375 
Megalosaurtdao, 881 
Megalosaurus, 381 
Megalotriton, 229 
Megalut'idae, 189 
Megahirites, 181 
Megalurus, 189 
Megapleuron, 108 
Megapus, 103 
Megasaurus, 880 
Megasternoii, 804 
Megastoina, 147 
Megintopus, 108 
Meidiichthyg, 127 
MeioiiornlB, 442 


Melanerpeton, 224 
Melanorosaurus, 370 
Melebta, 155 
Melinodon, 206 
Melittomalepis, 37 
Melosaurus Fritsch, 212 
Molosaurus Meyer, 210 
Meiiaspis, 88 
Mene, 172 
Menidae, 172 
MenUisaurus, 217 
Mer^s, 448 
Meridensia, 127 
Meristodoii, 0(i 
Merluccius, 107 
MeiTinmia, 280 
Mesacantbus, 65 
Mesiteitt, 76 
Mesocoracoid, 18, 108 
Mesodmodns, 05 
Meso<lon, 133 
Mesogaster, 105 
Mesogomphus, 93 
Mesolepis, 121 
Mesoleptos, 331 
Mesoloidiodus, 90 
Mesopbis, 343 
Mesoptorygitiin, 10 
Mesopteryx, 442 
Mesorhinus, 840 
Mesosauria, 271 
Mesosaurns, 271 
Mesosuchia, 352, 356 
MesosiichuH, 324 
Mesturus, 135 
Metaceratodiis, 104 
Metamesosncbia, 301 
Metapterygium, 19 
Metaihiiius, 340 
Motatetrapous, 4(^7 
Metopacanthus, 95 
Metopias, 215 
Metoi>onichthys, 170 
Meto|)osauridae, 215 
Metoposaurus, 215 
Mctriorhynchidae, 360 
Metriorhynchus, 300 
Meyasuurus, 826 
Micraspis, 35 
Micrerpeton, 224 
Microbnichis, 219 
M icrobrachius, 39 
Microcentrum, 109 
Microchirus, 108 
Microcleidus, 293 
Miciocoelia, 102 
Microdon, 133 
Microdontosaurus, 281 
Microgomphodon, 260 
Microlepidoti, 141 
Microleptosaiirus, 289 
Micromclerpeton, 224 
Micropholidae, 211 
MicropUolis, 211 
Microposaurus, 214 
Microsauria, 218 
Microsuchiis, 362 
Miivus, 450 
Minerva, 451 
Miocene fishes, 188 
Minganodus, 204 
Miolania, 809 
Miolaniidae, 80i) 
Mioplosus, 170 
Mitsukurina, 76 
Mixosauridae, 270 
Mixosaurns, 279 
Mneroiosaurus, 255 
Moa, 441 
Mochlodon, 308 
Moeriophis, 843 
Molge, 229 
MolobroBichtliys, 71 
Monaspidae, 42 
Monaspis, 42 
Monimoatylica, 230 


Monocladodus, 57 
Monoclonius, 409 
Montsechobatraohus, 281 
Morinosaurus, 894 
Monnosaurus, 254 
Morosauridae, 889 
Morosaurus, 389 
Morrison Formation, 869 
Mosasauridae, 337 
MosasauruB, 838 
Moschognathus, 254 
Moschops, 254 
Moschorhiniis, 262 
Moschosauridae, 250 
Moschosaunis, 25(5 
Movia, 442 
Mugil, 106 
Miigilidae, 105 
Mullerornis, 441 
Murjujnosaurus, 294 
Muscle fossilised in 
lishes, 21 

Mnscopbagidae, 451 
Mustelns, 79 
Mycterosaurus, 249 
MycttTosucluis, 359 
Myctophidae, 101 
Myctophum, 162 
My (las, 316 
Mylacantlius, 114 
Myhidapbus, 83 
Myletes, 157 
M> liobatidue, 85 
Myliolwitis, 86 
Mylocyprinus, 157 
Mylogiiatbus, 97 
Mylomyrus, 104 
Myloibina, 80 
Mylostoma, 47 
Mylostomidm*, 47 
Myobradyptcuygius, 281 
Myopterygius, 281 
Myosaurus, 259 
Myriacanthulae, 95 
Myriacanthus, 95 
Myriodon, 210 
Myriolepis, 120 
Myripristis, 109 
Mystriosnurus, 857 
Mystriosuchus, 347 
Mytaras, 225 
Myxiiie, 40 

Naiadocbelys, 310 
Namaiclithys, 120 
Nannov)terygius, 282 
Nannosuchus, 302 
Naiiosaurus, 394 
Nnomiclielys, 300 
Naosaurus, 253 
Narcine, 82 
Narcobiitis, 82 
Nurcodes, 38 
Naseus, 181 
Nautilornis, 445 
Necrobyas, 451 
Necrodasypus, 332 
Necrornis, 451 
Nectosaurus, 327 
Nectridia, 219 
Nemacanthus, 00 
NemacUilus, 157 
Nematognathi, 158 
Nematonotus, 102 
Nematoptycblus, 117 
Nomicbthys, 104 
Nemopteryx, 107 
Neobytbites, 107 
Neoceratodus, 105 
Neocoinian fishes, 180 
Neocybium, 175 
Ntjogaoornis, 438 
Neognathae, 435 
Neognathous, 431 
Neohalecopsis, 155 
Neorhombolepis, 189 
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NooscKlon, 3I>4 
XephfotUK, 127 
Nepttmw^hnlyH, 809 
NeaolimiiaK, 440 
Nett4:i8t()ma, 104 
Noural spine, 9 
Neurankyliis, SOO 
Neiirapophyses, 0 
Neusticosaurus, 2S9 
Neustosanrus, 3(Jl 
Newt, 229 
Nicoria, 313 
Niolaniia, 809 
Niphou, 170 
Nochelesaunis, 241 
Ncniosauridae, 4(X) 
Ncslosaurus, 40(i 
Noatolejua, 20 
Notacanthidae, ISO 
NotJicanthus, lOO 
Notaeus, 140 
Not»\}?<)jms, 132 
Notarium, 412 
NoteInpH, irjl 
Not<^osallI•us, 271 
Noteosuchus, 344 
Nothodon, 243 
Nothosauria, 2S:» 
NothosaurHlae, 2S5 
Nuthosaiinis, 20a 
Notidanidae, 72 
Notidanioii, 72 
Notldaiius, 72 
Notiosannis, 333 
Not()ceraU>ps, 4U 
NotocUampsa, 302 
Notoclielone, 3I.> 
Notocbelys, 310 
Notochord, S 
Notojfoneus, 102 
Notomorpha, 311 
Notornis, 440 
NotosauruH, 271 
Notosollasia, 263 
Notoauchidae, 803 
Notosuchus, 303 
Nummomlatus, 174 
Nununulosanms, 203 
Nuthetes, 882 
Nyctodactylus, 422 
Nyctosaurus, 422 
Nyrania, 212 
Nythoaaurus, 207 

Ocadia, 312 
OcliloduH, 01 
Octagtjmphus, 208 
Ocydromas, 440 
Olaxosaunis, 330 
Odontacanthus, 38 
Odontaspia, 70 
Odonterpeton, 219 
Odonteiut, 173 
Odontoblasts, 4, 8 
Odontoid process of axis, 
284 

Odontolcae, 437 
Odontopteryx, 449 
Odontormae, 488 
OeonoscopuH, 147 
Oestocephalns, 219 
OKmodims, 295 
Oligobelus, 157 
Oligocene fishes, 188 
Oligocheloiie, 810 
Oligocnexnata, 24 
Olij^opleuridae, 147 
Oligopleurus, 147 
Oligosemia, 229 
OUgosiinuR, 295 
Omalopleurus, 128 
Oinorlmmphas, 444 
Omosaurus, 405 
Omosoma, 169 
Omplitlodus, 127 
OtnplialoMidridaa, 279 


OmphalosanruH, 279 
Onckiodon, 209 
Onchopristis, 81 
Onchosaunis, SI 
Onclius, 98 
Onoobatis, 83 
Onycho<lus, 54 
Oolithes, 859 
Opeosanrus, 288 
Oiiei-cular bones, 17 
OiMMxuilum, 17 
OiK^tio8au^us, SSI 
Opliiac! 0 <lon, 250 
Ophiaijotlontidae, 250 
Oi)liideri>eton, 222 
Ophidia, 341 
Ophidiuiae, H>7 
Ophiodeirua, 270 
Ophtopsis, 131 
Ophtlialmosaurus, 2Sl 
Opisthias, 325 
Opisthoc^otdia, 385 

0 pis th( oua verte - 

lirae, 108, 234 

Opiathoconius, 449 
OpiatluHrtenotlon, 261 
Opisthoniyzon, 175 
OlJisthopteryx, 102 
Oi>losaurus, 8«s 
Opsigonns, 140 
Oraeantluis, Ss, IM) 
Orcynus, 175 
Ordovician lislies, 183 
Orwtolobus, 7»> 
(.Irinosaurns, 37»» 
OrniUiiseliia, 3'.i4 
OniithocepUahis, 420 
Ornithoclieiridae, 420 
OrnitlKHdieiroidea, 419 
Ornithoclieirus, 422 
Ornitho<iesn)U8, 422 
Ornitholestes, 380 
Ornittiomimidae, 384 
Ornithoniiniua, 884 
Oriiithop(Mla, 394 

01 nithopoidea, 394 
Ornithopais, 388 
Oniitliosauria, 411 
Oriiithoscelida, 308 
Ornitlioatoma, 422 
Ornithosuchidae, 350 
OrnithosucliUH, 353 
Ornitliotaraus, 401 
Ornithurae, 437 
Orotlns, 05 
Orophosanrns, 21K5 
Oiosaurus, 370 
Orthacanthns, 01 
Orthacodua, 08 
Ortliagoriscus, 182 
Oi-thocormiis, 142 
OrthocoHta, 219 
Orthogoiiiosaui us, 383 
Orthornerus, 3iH) 
Orthophyia, 229 
OrthopleuroduH, 88 
Orthopoda, 394 
Orthopteryx, 445 
Orthosaurus, 204 
Ortbybodus, 60 
Osmeroides, 150 
Ostariophysi, 157 
Osteoblepnaron, 307 
Osteodentiiie, 8 
OsteogloBsidae, 153 
Ostec^lossum, 153 
Osteolepldae, 110 
Osteolepis, 110 
Osteopborus, 210 
Osteopygis, 815 
Osteorai^is, 139 
Osteostraci, 30 
Ostinaspis, 99 
Ostodolspis, 240 
Ostracion, 182 

Ostraoodenn 4 22 


Ostracopborl, 21 
Ostrich, 440 
Oterognathus, 839 
Otis, 440 
Ot.ocoeliia, 213 
Ottwiatia, 203 
Ot>odus, 70 
Otoliths of fishes, 20 
Otiwiitla, 139 
Ototriton, 332 
Otozouni, 395 
OudeiKidon, 257 
Ovary fiKssilised in tislies, 
21 

Oviraptor, 384 
Oweniasuehus, 302 
Owl, 451 
OxygliKssns, 231 
Oxygiiathiis, 120 
Oxyodori, 252 
Oxyoiiontoaannis, 305 
Oxyost<‘us, 44 
Oxypristis, 82 
Oxyrliiiia, 77 

PHchycorniidae, 141 
Puchycormns, 141 
Pachygtniehis, 209 
Pachygonia, 217 
PachygniH )saiirns, 280 
Pachylehius, 103 
I'achylepis, 2t> 
Pachymylus, 9ti 
Puchyophis, 342 
Pachyornis, 442 
Paehyostt'us, 44 
Pachypleiim, 289 
Pttcliyi>leu rowiurus, 289 
I^achyiKsles, 308 
Pachy|M)dosauria, 375 
Pacliypt/cryx, 445 
Pachyrhirodns, 151 
PachyrhynchuB, 815 
I’acliysaunis, 370 
Pttchythrissops, 148 
Paddle, fishes, 124 
Palacrodon, 325 
Palaeagaraa, 344 
Palaeaspis, 2S 
Palutslaphns, lOO 
Palaeendypt«’‘s, 445 
PalaegitlialiiK, 452 
PalaeUxlus, 447 
PalaoolMillstum, 130 
Palae(>l>at«!H, 09 
Palaeobatrachus, 231 
Palaeoborus, 450 
PalaeobrosmiuH, 107 
PalaefXihaniaeleo, 322 
Palaeochenoides, 449 
Palaeocirciis, 450 
Palaeocryptonyx, 450 
Palaeodus, 50 
PalafMjepliippiorhy nch u s, 
448 

Palaeogadns, 167 
Palaeognuthae, 435, 439 
PalaeognathouK, 431 
Paloeogrus, 44<i 
Palaoogyps, 450 
Palaeogyrinus, 203 
Palaeohatteriu, 248 
Palaeoliatteriidae, 248 
Palaeohierax, 450 
PaUeulimnas, 440 
Palaeolycns, KK) 
Palaeomedusa, 308 
Palaeoraylus, 50 
Palaeomyzon, 41 
Palaeoniscidae, 116 
Palaeonlscus, 118 
Palaeopelargus, 448 
Palaeoperdlx, 450 
Palaeophasianus, 449 
Pmlaeophichthys, 114 
PalaRopbidae, 843 


PatHoophis, 343 
Palaeo] »terygi 1 , 110 
Palaeopython, 843 
Pahntorhinns, 347 
Palaoorhynchidae, 170 
Palaeorhynchus, 170 
Palaoornis, 422 
Palaeoi tyx, 450 
PnUieosci liens, 400 
Palaeoscyllluin, 75 
Pulaeosplteniscus, 445 
I’^aUuMispinax, 71 
Palueospi/A, 452 
PuIaeosptindyluH, 40 
Palaeot,euthi8, 20 
J’tilaeotiH, 440 
Palaeotringa, 445 
Palaeo vara II us, 332 
Pjilaineiiea, 447 
Palapteryx, 442 
Palernyiiojw, 259 
Paleryx, 343 
pul iguana, 344 
Palimphyc's, 175 
PallininairliuH, 307 
Palodentinti, 80 
Parnphmctns, 39 
PanoplosanruK, 407 
Punt«‘losanridae, 250 
Pantelosanrns, 250 
j’antopholis, 101 
Puntyliilae, 24i» 
Pantyloideu, 24<J 
I’aiitylns, 240 
Pappichthys, HO 
Purabatnichns, 110 
Paracalanms, 173 
ParaiM'stracioii, 71 
Parachelys, 807 
Paradipterus, 100 
Parafunduliis, 103 
Parallel ic( >pri on , 05 
Paralepidotns, 130 
Pamlepis, J02 
ParHiTU)lyi>U»rns, 118 
ParaniiatUH, 140 
Parangiiilla, 104 
Paranthodon, 400 
Paraortyx, 450 
PuraiialHeoliates, 83 
Pampavo, 450 
Paiaiierca, 170 
Paraplacislus, 284 
Paraixipbyses, 9 
Parai>aicepliKlus, 417 
Parapsida, 240 
Parapygaeiis, 180 
Parasaniwa, 330 
PaTasaiirolophus, 401 
ParasanniH, 270 
Parascaniornis, 447 
Parascopelus, 102 
Parasemionotus, 127 
ParaspheniscuB, 445 
Parastichia, 345 
Parasuchus, 323 
Paratbrissops Etustnuin^ 
148 

Paratbrissops Sauvag^ 
141 

Pardosnchns, 202 
Pareiasanrfa, 241 
Pareiasaiiridae, 241 
Pareiasaunis, 241 
Parelasuchus, 242 
ParexuR, 68 
Parhybodiis, 00 
ParioHtegQBi 218 
PariotichiiB, 246 
ParioxyB, 208 
Parodontaspis, 76 
ParotoBaiU'UR, 214 
Parrot, 451 
PartanoBauntB, 289 
Partridge, 460 
PaBBolodion, 97 
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PasH<u‘«s, 4. 'll 
PaHtiiiaca, SO 
Pttt4in#)inys, 812 
P»}(tl:«jial arcli of tiHluts, 
18 


Hum, 18 

PtMioticosaunis, 3r>2 
P<Mli(JMlati, 171* 
Pala^osanruH, 3GS 
Pr.liiniycybiutri, ITi^ 
Prltunys, 17a 
]’«Ourgf»pKls, 418 
Palai-gorhyiurlius, l.Ot) 
P(4HtaH, 170 
Ptsh'CftiiiiH, 440 
PHl«‘(!<)pt«‘IUS, 148 
Pe.lecyoriiirt, 440 
Pelican, 448 
Pelion, 224 
PulobaLidae, 231 
I»elobatocholyR, 808 
IMlonietiusa, 809 
Pel«jmedu|4idae, 300 
J’elo7ieuste8, 203 
Pelophilus, 231 
Pelurosaur.UK, 8S8 
PdlosauvitH, 224 
PeJosuclius, 254 
Pftllocfiphalata, 22 
PeltochelyH, 811 
PeltopleuruH, 120 
Peltostesa, 210 
Pelvic arch of Usbcs, 10 

fins, 20 

Pelycosauria, 248 
Pelycosimia, 845 
PensuinH, 444 
Ponlaceratopa, 411 
Poiitagonolepis, 30 
IVrifclandia, 100 
i*eplorhina, 102 
Perea, 170 
i’ei'ccaocps, 104 
Percli, J70 

Kk(delijn of, 10 

Ptjrcichthys, 170 
i’ercldae, 170 
Perci formes, 170 
Peripristis, 80 
Perispbenisens, 445 
Peritresius, 315 
PerleiduH, 127 
Permbm fishes, 184 

reptiles, 423 

Permocynodon, 208 
Pessopteryxi 279 
Pessosaurus, 280 
Petalodontidae, 89 
Petalodopsis, iM) 
Petalodus, 89 
Petalopteryx. 182 
PetalorhynchuR, 89 
Petrels, 445 
PetrolMtes, 219 
Petrodus, 99 
Petromyzon, 28, 82, 40 
Petrophryne, 211 
PetroHUChuH, 859 


I’ezophaps, 460 
Phaethoii, 449 
Phalarodon, 279 
l^aneropleuridae, 102 
Phaueropleuron, 102 
Phanerorhynchus, 128 
PhauerosauruH, 244 
Phafierosteon, 120 
Phareodus, 153 
Pharyngeal bones, 17 
PharyngodopUus, 174 
Pharyngolepis, 28 
Phasianus, 449 
Phasmagyps, 460 
Pheasant, 449 
Phlegethontia, 222 
Phlyctaenaspidae. 42 
Plilyctaenaspis, 42 


Phlyotaenitts, 42 
PliobosnchuH, 807 
Phocosaurus, 254 
Phoderacanlhus, 5>9 
Phoebodus, 58, 00 
J’hoenicoptorus, 447 
Phulider^ton, 208 
Pholidogaster, 204 
Pholidogasteridae, 204 
Pholidophoridae, 145 
IMiolidophonis, 145 
Pbolidopleuridae, 125 
Pholidopleuriis, 125 
Pholidosauridae, 859 
Pholidoaaurus, 359 
Pholidosteua, 42 
Piiolidurus, 124 
Phoneosuclms, 255 
Phorcynis, 74 
Phororliacos, 446 
Pliosphorosaurus, 330 
i^hotichthys, 159 
Phryiinps, 810 
J’hrynoauchus, 212 
Pliycis, 107 
Pliygosaurus, 280 
Phylacbocophalus, 161 
IMiyllodns, 173 
Phyllolepis, 30 
Phyllospondyli, 223 
Physichthys, 48 
Physocephalus, 163 
Physoclysti, 150, 104 
Physodoii, 70 
Physoneinus, 00, 09 
Physustomi, 150 
Phytosaurus, 840 
Picariae, 451 
Pici, 451 

Pico-Passeres, 451 
Picroeleidus, 204 
Picrodon, 870 
Pigeon, 450 
Pikes, 163 
Pinacodus, 93 
piocormus, 825 
pipe- fishes, 160 
Idptomerus, 295 
Piratosaurus, 295 
Pisces, 2 
Pi-»odu8, 151 
pistosaurus, 288 
placerias, 201 
placochelys, 284 
placodermi, 41 
placo<lontia, 282 
placodus, 282 
placoid scales, 3 
placoidei, 21, 50 
placosaurus, 382 
placostens, 29 
placotliorax, 39 
plagiosaurns, 218 
plagiosternum, 218 
pjaglosuchus, 218 
plastoiiienus, 320 
plastron, 297 
platalra, 448 
plataspis, 42 
Plata X, 172 
plaiecarpidae, 838 
platecarpuH, 339 
Platemys, 810 
Plateosauridae, 375 
Plateosaurus, 876 
Platinx, 154 
Platosphns, 282 
Platyaoanthus, 99 
Plntyceps, 218 
Platycheloidca, 305 
Platychelys, 806 
Platycormus, 169 
Platycnuiiellus, 267 
PUtygnnthns, 113 
Platyliystrix, 211 
Platylaemns^ 174 


Platylates, 170 
Platyops, 210 
Platyoropha, 241 
Platypodosaurus, 267 
Platypterygius, 282 
Platyrhina, 82 
Platyrh inops, 225 
Platysiagum, 120 
Platysomldae, 120 
Platysomus, 122 
riatystega, 214 
Pistysternidae, Sll 
Platysterrmni, 311 
Platyxystrodus, 88 
Plectogriathi, 181 
Plectrodus, 54 
Plectrolepis, 120 
Pleistocene fishes, 188 
Plesiuchelyidae, 307 
Plesiochelj s, 807 
PlesioduB, 130 
Plesiolepidotus, 138 
Plesiosauria, 290 
Plesiosauridae, 2*00 
Plesiosaurus, 290 
Plesiosuchus, 801 
Plesth>don, 882 
Pletliodontidae, 152 
Plethodus, 152 
Plcuracanthidae, GO 
PleunicanthuH, 01 
Pleurocentruin, 107 
Pleuiocoelus, 388 
Pleurodira, 306 
Pleurodont, 191, 237 
Pleurodus, 87 
Pleurolepis, 129 
PIcuronectidae, 107 
Pleuroneura, 223 
Pleuruisdtus, 405 
Pleuropholis, 140 
Picuroplux, 87 
Pleui‘opt<*rygii, 56 
Pleuroptyx, 220 
Plpurosaurns, 825 
Pleurosternidae, 304 
Pleurosf/ernuni, 304 
Plicagnathas, 220 
Plicodus, 70 
Plinthopborus, 160 
Plioamblyst )mtt, 229 
Pliobatrachus, ‘232 
Pliocene tishes, 188 
Plioplatocarpiis, 830 
Piiosaiiridae, 203 
Pliosaurus, 2*03 
Pliotnuna, 74 
Plottis, 449 
Plovei-s, 416 
PneumatoiirthruH, 401 
Pnigalion, 254 
Pnigeacanthus, 09 
Podocnemis, 309 
Podokesauridae, 379 
Podokesaurus, 379 
Podop’eryx, lo7 
Poecilodus, 88 
Poecilospondylus, 249 
Pogonias, 173 
Poikih>pleuron, 881 
Polacanthoides, 407 
Polacanthus, 400 
Poliosaiiridae, 249 
Poliosaurus, 249 
Polyacrodus, 00 
Polyaspidac, 42 
Polyaspis, 42 
Polycotylidae, 295 
Polycotylus, 296 
Polyechmatetny s, 812 
Polygyrodus, 186 
Polyinixildae, 169 
Polyodon, 124 
Polyodontidae, 124 
Polyonax, 408 
Polyphractus, 100 


Polyplocodns, 111 
PolypsepliUR, 183 
Polypteridae, ILO 
Polypterus, 110 
Polyptychodon, 295 
Polyrhizodus, 90 
Polyseniia, 2‘29 
Polysphenodon, 325 
Polytliorax, 300 
Pomacanthus, 180 
Poniaeentridae, 173 
Poniognathus, 101 
Pontoijus, 2S9 
Pontosaiirns, 331 
Poposaurus, 394 
Poraspis, 28 
Portheiis, 154 
Postcleithruin, 18 
Post-tenJi>oral of fislies, 
18 

Precoracoid of fishes, 
18, 1()8 

Preden tat A, 3t)4 
Pre(»perciiluin, 17 
Pi iconodon, 405 
Prionodon, 79 
Prionolepis, 161 
Prionosaurus, 330 
Priscacara, 174 
Pristacanthus, 98 
Pj isterodon, 201 
Pristerognatlnis, 202 
Pristicladodns, 05 
I^iistidne, bO 
Prlstiopiioridae, 74 
Pristiophonis, 74 
Pristis, 82 
Pjistisomus, 130 
Pristinrus, 75 
Pristodus, 91 
Prwilligator, 306 
Proantigonia, 170 
PrCKitlas, 234 
Prol>aBnn, 800 
Probieniiius, 179 
Proc-ariama, 446 
Proceratosaurus, 881 
Piocerosaunis, 270 
Prochanmeleo, 332 
Pi'oehanoK, 152 
ProcheneoKfiurus, 401 
Prochon ias, 310 
rrt>co<*loi.s vert<^brae, 
234 

Piocolophon, 244 
Procolophon idae, 244 
Procolpocbelys, 816 
Pmconipsognatlius, 878 
Prodicynodon, 201 
PicHiretniocbelys, 315 
Proganoclielys, 304 
Proganosauria, 271 
Prognathodus, 95 
Prognathosannis, 340 
Progymnodon, 181 
Prohalecltes, 145 
Pndierodius, 448 
Proiguana, 832 
lV>late8, 170 
Prolebias, 103 
Prolepidotus, 180 
Prolystrosaurus, 260 
Promyllobatis, 86 
Proinystriosuchus, 849 
l^neusticosaurus, 289 
FronotacaiitUns, 150 
Propappus, 248 
Propetargus, 448 
Properca, 170 
Prophaothon, 449 
lbx>plenra, 816 
Proportheus, 154 
Propristiophorus, 74 
ProprlsMs, 81 
Propterus, 132 
Proptorygium, 19 
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ProsanrolophtiSf 401 
Prosanropsis, 142 
ProKolachii, dO 
ProtacanthodeH, ft5- 
Px‘Otacmon, 208 
ProtacroduB, 65 
Pi’Otagras, 843 
Protaniia, 140 
Protaulopsis, 165 
Pi*otelops, 151 
ProteoKaurus, 280 
Protxjrochersidaft, 304 
Proterochersis, 304 
ProteroBUchus, 362 
Prothymallus, 150 
Protibis, 448 
Protiguanodori, 402 
Protitaiiichihya, 40 
Protobalistum, 182 
ProtocatOHtomus, 102 
Protocftphali, 22 
ProtoceratoiKS, 407 
Protoceratopsldae, 407 
Protochelys, 305 
Protodontidao, 56 
Protodus, 53, 66 
Protogaleus, 79 
Protoi)elobates, 281 
ProtoplotuB, 449 
ProtopterUH, 105 
Protorhea, 440 
Protomis, 436 
Protorosauras Lainhe^ 
411 

Protorosaiirus Afeyer, 
270 

Protosphargia, 317 
Protoaphyraena, 143 
Pi'otospiiiacidat*, 73 
IVotOHpinax, 73 
Protospondyli, 126 
Protoatoga, 817 
ProtoBtegidae, 317 
ProtosyiignathUB, 105 
Protriton, 223 
Provipera, 843 
Psalisauridae, 405 
Fsammochelys, 304 
pBammodontidae, 93 
Paammodus, 93 
PaamiDolepis, 29 
PaammomiB, 441 
Faammostena, 29 
Psephoderma, 284 
pRephoduB, 87 
Fsephophorua, 818 
PsephOBanruR, 284 
Psephurus. 124 
Paendacrodus, 71 
Paeudoberyx, 155 
Paeudocorax, 77 
Paeudodontomia, 449 
Pseudmieus, 79 
Paeudowtea, 170 
Paendopalatns, 846 
Paeudorhina, 74 
Paeudoaphaerodon, 174 
Fseudosphai^a, 817 
Faeudoauchla, 849 
Paendoayngnathus, 166 
Faeadctnriaaops, 141 
Paeudotluyptodua, 152 
Paeudotrionyx, 819 
Paendovoiineir, 174 
PsiUchthya. 124 
Pailoteacnnlosaanu, 289 
Psittaci, 451 
PeittacHwaurfdae, 402 
Psittacoaaunis, 402 
Paittacua, 451 
Pao^ia, 446 
Ptenodraoon, 420 
Pteratiodon, 421 
Pteraspidae, 26 
Ptantapii, 26 
PterlontiiyodeB, 87 


Pterichthys, 37 
Pternodua, 61 
Pteroclea, 450 
IHerodactylidae, 419 
Pterodactyloidea, 419 
Pterodactyls, 412 
Pterodactylus, 420 
Pterodermata, 416 
Pterolepidae, 28 
Pterolepis, 23 
Pteropelyx, 899 
Pteroplax, 203 
Pterofiauria, 411 
Pterosphenus, 343 
Ptei-ospondylus, 878 
Pterycollaaanrua, 838 
Pterygocephalus, 179 
Pterygopterus, 145 
Pteryiae, 428 
Ptychacanthiis, 66 
Ptychodontidae, 88 
Ptychodus, 84 
Ptychogaster, 312 
Ptychognathus, 260 
Ptycholepifl, 189 
Ptychosiagnin, 259 
PtychoRphenodon, 217 
Ptychotrygon, 83 
Ptyctodontidae, 49 
Ptyctodus, 50 
Ptyonius, 221 
Ptyonodua, 103 
Ptifflnus, 445 
Pulpa, 4 
Puppigerus, 815 
Purrusaurns, 367 
Pycnodoiitidae, 133 
Pycnodua, 136 
I’ycnosterinx, 168 
PycnosteuB, 30 
PygaeuR, 180 
Pygmaeochelya, 809 
Pygoptcrus, 117 
Pyritocephalus, 120 
Pythononioriiha, 833 
Pyxis, 313 

Rachitrema, 282 

Rails, 446 

Raincria, 74 

Ibya, 82 

Uajidae, 82 

liana, 231 

Kanavus, 232 

Range of Amphibia, 232 

of Chelonia, 82 1 

of Ci'ocodilia, 867 

of Fishes, 182 

of Pterosauria, 423 

of Reptilia, 423 

of Rhynchocepbalta, 

827 

Raphioaauma, 151 
Rati toe, 434 
Raven, 451 
Kays, 79 
Redfieldius, 123 
Regnoaaiima, 405 
Remigolepis, 39 
Reptilia, 283 
Rhabdodemia, 114 
Rhabdodon, 898 
Rhabdognathua, 859 
Rhabdolepis v, d. March, 
150 

Rhabdolepis Trotchel, 119 
Rhacheoaaurua, 860 
Bhachicephalodon, 257 
Rliachioceplialua, 257 
Rhachltomi, 206 
Rhachitomous vertebrae, 
195 

Rhachitomna, 208 
Rhacolepifu 161 
Rhadamantidae, 78 
Rhadamaa, 73 


Rhadiiiacantlnis, 58 
Rhadinichthys, 117 
illiaeticonia, 289 
IlbamphocephaluB, 417 
JthamphrMluK Davis, 88 
Rhamphodus Jaekel, 50 
illiampliognathuM, 165 
Khainpborhynchidae, 
418 

Rhaniphorhynchoidea, 

416 

Hliamphorhyncbus, 418 
RharnphoNtonm, 867 
Rliamphosiichus, 867 
Hhamphosus, 16<> 

Rht'u, 440 
Rheidae, 440 
Hlienaiiidi, 59 
llhina, 74 
Rbinnasl,eH, 158 
Rhinollua, 162 
Rhinemys, 310 
Rhinesnc*bi<lae, 210 
RhineBUchug, 210 
Rhiiiotira, 332 
Rhinolwitidae, 70 
Rhinoljatus, 80 
Rliinocbt'lys, 805 
Rhiiioehiiimara, 04, 07 
llhiiioclioi^tus, 44() 
Rhinogiiuthu.s, 7<) 
Rbinoptera, 8r» 
llbiiioptera.NpiH, 26) 
llbinoHEitruH Fischer, 211 
Rhinosaui'us Marsh, 340 
Bhinosteus, 44 
Rhipidistia, 100 
Rliizo<l<>ntulae, 110 
Uhizodopsis, 111 
Rhizoilus, 1 ] 1 
lihodaitOKauruK, 40() 
RIkmIouh, 157 
Rhoetosaurus, 380 
Rliomaleosani'iis, 203 
Rhornl>od(>rnia, 112 
RhomlxKliis, 83 
Rhomboptycbius, 110 
Rhombus, H>7 
Uhopalfxlon, 265 
Rhymmlus, 03 
Rhynchobutna, 80 
Rhyncluxiephalia, 321 
Rhyncho<lontus, 50 
RliynchoduK, 50 
llliyncholepis, 28 
Rbyrichoncodes, 132 
Rhynchorhiiius, 164 
RhynchosauridHC}, 323 
Rhyrichosauroides, 323 
Rhynchosaurua, 328 
Rhynchosuchidae, 864 
RhynchosuchtiH, 865 
Rhytidodon, 347 
Rhytidost^iidae, 217 
Rhytidosteus, 217 
RilM of fishes, 11 
Ricriodon, 219 
Rileya, 349 
Rinodua, 50 
Romainvillia, 448 
Rutiodon, 847 

Sagenodua, 108 
Sahelinia, 155 
Salamander, 229 
Salamandrina, 229 
ftoimo, 157 
Salmon, 156 
Salmon Idae, 156 
Saltopoauchua, 851 
Saltopua, 879 
Sandalodna, 88 
Santwa, 881 
^pheoaaurua, 825 
Sarcoleatea, 405 
SarcoaauruH, 882 


Sardine! la, 155 
Sanlinioides, 161 
Sai'diniua, 162 
Sarginites, 147 
Sargixluii, 180 
Stu-fpis, 173 
SuHsenia, 114 
Sauramxion Jourdan, 325 
Saurunotlon Marsh, 281 
Sauravus, 222 
Saiirichthys, 110, 125 
Saudi, 328 
Stturillus, 330 
Stturipterus, 111 
Suiirischia, 374 
Saurocophalus, 1 54 
Saurotlesinus, 804 
Saurodon, 154 
SaunKloiitidae, 154 
Saurolophus, 401 
Siiurophidium, 825 
Huuroploura, 221 
SauroixMia, 385 
Sauropsida, 238, 428 
Sauropsis, 142 
Sauropterygia, 284 
SaurorhamphuH, 160 
Saurorhynchus, 125 
Suiuoi'iiithoides, 380 
Siiurosphnrgis, 284 
Saurosl,eriium, 844 
Saurostomus, 141 
Sauruiae, 435 
Saw-llslios, 80 
Scaldia, 74 
Seales, 3 

Seuloisjsauridae, 262 
Sealo{K)saurus, 262 
SeaTiiorniK, 447 
ScHiMiTXxlon, 255 
Scaimnorliynchus, 76 
Scaphaspis, 26, 27 
Siiapherpeton, 220 
S(!aphirliynchus, 124 
Scaphoguathus, 418 
Seaphonychinius, 324 
Scaplioiiyx, 323 
Scaphophis, 348 
Scapula of lishes, 18 
Scania, 174 
Scatophagua, 180 
Scaunienacia, 102 
ScelidOBauridan, 402 
Scelidoaaurua, 404 
Schizogiiathous, 431 
Scbizorhiual, 431 
Schizorhiza, 81 
Sciaena, 173 
Sciaonidae, 173 
Scincoaaurua, 220 
Scleracanthua, 114 
Sclerocephalua, 209 
Sclerodemiidae, 182 
Scleromochlus, 378 
Scleropages, 153 
Scleroparei, 179 
Solerorhynchus, 81 
Scleroaanrna, 245 
Scoliodon, 79 
Scoliornus, 250 
Scoliorhizs, 65 
Scolosaurua, 406 
Scomber, 175 
Scomberodon, 176 
Scombramphodon, 175 
Scombreaocidae, 104 
Scorn bresox, 164 
Scombridae, 176 
Scombriformea, 174 
Scombriniia, 175 
Bcombroclupea, 155 
Scopelidae, 161 
Scopeloldoa, 162 
Scopelua, 162 
Bcorpaena, 1T9 
Soorpaentdae, 179 
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Soorpaeniformea. 179 
Scorpaenoitlea, 179 
Scorpttonoptenw, 179 
ScrobocluH, 180 
Houllya, 2rilj 
HcutemyH, 812 
tScutosauruB, 243 
BcycoaaaruN, 20,0 
ScylacoBpiathua, 205 
Bcylacoules, 2<)2 
Bcylucops, 204 
Scylacorliinus, 2(52 
HcylacosauniH, 2(52 
Scylliidao, 75 
Hoylliodua, 75 
HcylllorhinuB, 75 
Bey Ilium, 75 
Bcymnognathufi, 2(55 
Heynmorhinus, 202 
BeymnosauruH, 202 
Scymiius, 74 
BcytaloplitB, 843 
Sea-bnjains, 172 
iSocreUry bird, 450 
Beeleya, 219 
Helache, 78 
H<'.laehii, (53 
Helenosteus, 40 
SelloHauruR, 370 
Hemionotidae, 128 
H(imion()fcua, 12iS 
•Semiojihorus, 172 
Sericodon, 358 
Herieina, 440 
Serioltt, 172 
Serpeutarius, 450 
Serranus, 170 
BerratoduH, 89 
Serrolepi.s, 130 
Besamodou, 2»»() 
Heymouria, 205 
S(‘'ym()urli(lae, 205 
Bhagrecui, 4 
Biiarks, (53 
Bhustasauridae, 279 
BhaKtasauriia, 280 
8hei>ardia, 350 
Bicariua, 89 
Bilurian ti.shes, 1S3 
Biluridae, 158 
Bllurua, 158 
Bimoodosaurus, 320 
BiinolttStes, 293 
Bimorhimdia, 2(52 
Bimosaiii-UH, 288 
Sinernys, 315 
Sinochelys, 311 
Binohadrianus, 813 
Biphunoatoma, 100 
SiroTieetea, 340 
Bkates, 79 
Bmerdls, 170 
Bmilerpeton, 219 
Siiakea, 841 
Snipe, 440 
Bocnopaea, 158 
Sokotosaurus, 359 
Bolea, 108 
Solenodon, 100 
Bolenodonsauros, 200 
Bolemxlus, 98 
Solenognathus, 102 
Solonorhynchus, 100 
^lenoatomidae, 100 
Solitaire, 450 
Sontiochelys, 809 
Boricidens, 158 
SpaneenstUck, 18 
Spaniodon, 151 
SpaniolepiB, 180 
Sparagmites, 208 
Sparldoe, 172 
Spamodua, 178 
Spathloephalos, 204 
Spatbiartui, 147 
Bpathobatis, 80 « 


Spathodactylus, 154 
Spatula, 448 
B]mtularia, 124 
Bpbaorodus, 130 
BphaerulepiH, 120 
Bphargia, 818 
Bpheiiacanthua, 58 
Bphenacodoii, 251 
Sphenoceplialus, 108 
Bphenodon, 325 
HphentMloritidae, 824 
Bphenodua, (58 
Bphenolepia, 102 
Bphenoiichus, 08 
BidienosauruH, 304 
Bph(‘nospondylus, 398 
Bphenosuehidae, 351 
Bjdienosuchua, 351 
Bphyraena, 105 
Bphyraenidae, 1(55 
Bphyraenodua, 175 
Sphyrna, 79 
Bi)ina dorsalia, 0 

ventralis, 9 

B])inacanthua, 182 
Bpinacidae, 73 
Bpinacorhiiiua, 95 
Hpinax, 73 
Bidiiosauridae, 383 
Spinoaaurua, 384 
Hporidylerpeton, 205 
Bpoiidylosauriia, 293 
Bqualiiiae, 78 
Bqualortiiidae, 95 
Squaloraja, 95 
Bqualus, 73 
Bquamata, 827 
Bquatiiia, 74 
Bquaiini<lae, 74 
Btagonolepia, 849 
HtapediftM'a, 2 
Btatoduiiti, 87 
Blaurotypua, 311 
Bteganopwies, 448 
Htegocephali, 192 
Btegoeeraa, 405 
Stegocludys Jwkel, 303 
Bt/eg(J<*ludy8 Lydekkvr, 305 
Stegomosnehua, 850 
Stegonius, 350 
8t(^gopelta, 400 
Stegops, 225 
StegOHauria. 394 
Btegoaauridae, 402 
Stegoaaurus, 406 
Btegoselachii, 150 
Btegotracbelus, 117 
Btegurous tail, 13 
Stemmatiaa, 01 
Stemmatodua ilwMlj 135 
Stemmatodus St. John 
and Wortheii, 61 
Steneoaaurua, 358 
Steiiognathus, 46 
Stenometopou, 328 
Stenopelix, 395 
Steiiopterygiidae, 281 
Stenopterygias, 281 
Stenoateua, 40 
Stephanodua, 182 
Stephanoaauirus, 401 
Stex>haiiOBppndylua, 244 
Stereocephalua, 400 
StereoduH, il75 
Stereogenvk, 809 
Steroorha^is, 250 
Steieomithae. 446 
Stereoapondyii, 218 
Stereospondyloua verte- 
brae, 195 

Stereoaternum, 271 
Sternotboerua, 809 
Sterrbolopbua, 409 
Stethacanthua, 90 
StbenaroeauruB, 298 
Stlohacanthaa, 90 


SticbopteruH, 124 
Sticklebacka, 165 
BUgmolepia, 37 
Sting raya, 82 
Sloasodon, 86 
Stomach-atones, 873 
Stomatosuchidae, 364 
StomatosuchuH, 804 
Stomiatidae, 159 
Storks, 448 
Sti-atodus, 159 
Streblodus, 88 
Stremineia, 231 
Strepheoacbema, 110 
Btrepsodus, 111 
Streptosx>ondylus, 881 
Btreptostylica, 230, 327 
Striacanthus, 98 
Strigea, 461 
Strigogypa, 451 
Strinsia, 167 
Btrix, 451 
Btrobilodua, 138 
Btromeria, 441 
Strophodua, 09 
Struthio, 440 
Struthiouephalua, 254 
Btrutbiolithua, 440 
Btruthiomimus, 384 
Btruthiones, 439 
Btruthionidae, 440 
Btruthiopua, 898 
Struthiosaums, 405 
BturgeouK, 124 
Stylemys Leidy, 318 
Btyleinya M(uwk\ 807 
Btylomyleodon, 140 
Btylorhynchus, 124 
Styracocephalus, 2(59 
Blyracosaunia, 410 
Bubotierculum, 17 
Buchodus, 800 
Sudia, 162 
Biila, 449 

Buprucleithrum, IS 
Bvalbardasxtia, 42 
Swift, 451 
Bword-flahes, 178 
Syllaemua, 155 
Byllomus, 316 
Syinmorium, 58 
Synaoliophis, 843 
Bymptosuchus, 862 
Bynai>sida, 240 
Bynaptiubuium, 851 
Bynaptosauria, 240 
Synauchenia, 44 
Hynechodus, 71 
Byngnatliidae, 166 
Byngnathus, 166 
SyngonoaauruB, 899 
Bynodontaspis, 76 
Synosteus, 44 
Bynsacruin, 234 
Byntegmodus, 152 
SyntbetoduB, 101 
SyorniH, 442 
Syphoiiodon, 217 

Taeniodua, 88 
Taeniura, 88 
'I^ngaaauridae, 845 
Tangaaanrus, 845 
Taniua, 899 
Taniwhasaurua, 340 
Tanysitrachelia, 270 
Tanystropheus, 270 
Taognathus, 261 
Taoprdix, 449 
Tapnrosaunis, 295 
Tapht'osphya, 310 
Taxdnocepholidae, 254 
Tapinocepbalua, 254 
Tapinoselacbii, 52 
Tarrasiidae, 115 
Tarraalua, 115 


Tauriniebthys, 174 
Taurojjs, 264 
Tectospondylic, 52 
Teeth of fishes, 7 
Teleidoaaurua, 359 
Toleorliinus, 859 
Teleosauridae, 866 
Teleosaurus, 859 
Teleostei, 149 
Teleostomi, 106 
Telppbolis, 163 
Telerpeton, 245 
Tehnatomis, 446 
'relinatosaurus, 399 
Temnodontosauma, 281 
'reinnoapondyli, 202 
I'emiiotrionyx, 820 
Teratornis, 450 
Teratoaaurua, 376 
Terrapene, 312 
Tersornius, 211 
Tertiary fishes, 187 

reptiles, 427 

Tertreiiia, 214 
Teatiidinata, 295 
Testudinidae, 813 
'resludo, 313 
Tatraceratoi)s, 252 
Tetragonolepia, 129 
Tetragonosaiinis, 401 
'I'etrapoda, 2 
Tetrodon. 181 
Teuthidi(lae, 172 
Thalasseniydidae, 308 
Tfialasaomys, 308 
Thalassochelys, 315 
Thalattosaiiria, 326 
Thalattosauridae, 326 
Thalattoaaurua, 327 
Thalattosiiebia, 860 
'I'harrhiaa, 814 
Tharsis, 147 
Thaumaa, 74 
ThaiunatosaiiriiH, 2S>S 
ThaumattiruK, 156 
1’becachamx>sa, 307 
Thecocoelurus, 380 
Thecodont teeth, 237 
Thecodontia, 344 
Tliecodontosaurus, 377 
Thecospemdylus, 380 
Thectodus, 68 
Theh^gnathus, 245 
Thelodns, 26 
Thelolepis, 20 
Therapaida, 248 
Theretairus, 325 
Theriodesmua, 202 
Theriodontia, 261 
Theriognathus, 203 
Therlosucluis, 362 
Theroeeplialia, 261 
Theromora, 247 
Theroinorpha, 247 
Theropleura, 250 
Theropoda, 374 
Therosaurus, 250 
Thescelosaurua, 395 
Thescelua, 806 
Tliespesiua, 399 
Thinopua, 226 
Thiornis, 460 
Thlattodua, 188 
Tholemys, 307 
Tholodus, 127, 279 
TUoraeopterua, 145 
Thoraoosaurua, 364 
Thrinacodua, 61 
Thriiiaxodon, 267< 
Thriasonotua, 120 
Thrissopater, 151 
Thriaaops, 148 
Tbriaaepteroidea, 151 
Thrissopterus, 154 
Thryptodua, 152 
Thureius, 110 
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Tliyellina, 76 
Thyestes, 8G 
ThynnioliUiyK, 157 
Thyiinus, 17.5 
Thyreojilioroidea, 804 
Thyraklhim, 222 
ThyrsitoceplialuK, 17(> 
Tichosteus, 380 
Tigrisnchua, 204 
TlnauiisorniM, 443 
Tinamou, 443 
Tinea, 157 

Titaniehthys Dttmes, 81 
Titanichthys Nmvbarry^ 
45 

Titanophis, 343 
I'iUinosiiuridHe, 3i»2 
TitanosanriiK, 80.3 
Titanosuchidue, 255 
Tittinosuclms, 255 
Toad-Ktoiies, 21 
Toads, 281 
Tolyimspis, 28 
Tolypoiepis, 28 
Tomistoina, 8(>5 
Toinistomidae, 301 
Toiitodus, 88 
Tornognathas, 150 
'roothed Carps, 163 
Toratociieiims, 280 
Tornieria, 380 
Torosaimis, 411 
Torpedinidae, 82 
Torpedo, 82 
Toucan, 451 
Toxochelyidae, 316 
Toxochelys, 310 
Toxoprion, 65 
Toxotea, 174 
Tracholosaurua, 285 
Trucheniys, 812 
Trachiclithyoides, 169 
7'rauhitiidae, 178 
Trachinotus, 172 
Trachinus, 178 
Trachodon, 309 
Tracliodontidae, 898 
Traclioateua, 46 
Tracliyacantlii, 87 
TrachyaspiH, 311 
Tracliydermoclielya, 305 
Transverse processes, 11 
Traquatria, 56 
Tremataspidae, 86 
Tremataspis, 36 
Treiiiatopa, 212 
Trematopsidne, 212 


TrentatosauHdfte, 218 
Treniatosaurus, 213 
Treinatosteus, 
Ti'einatoaucbus, 214 
Tretosternuni, 305 
Triads, 70 
Triaenaspis, 150 
Triaeuodon, 70 
Triassie fishes, 184 

reptiles, 424 

Triassochelyidne, 803 
Trtassochelys, 803 
Tribelesodon, 270 
Tjibolodon, 267 
I’riceratops, 408 
Trichasauriis, 2.50 
*]'richiuricht)iys, 167 
Triehiuiidae, 175 
Trichiurldes, 176 
Triehiurus, 176 
Trichophanes, 170 
Tricleidus, 294 
Trigla, 180 
Triglidae,. 180 
THglochis, 76 
Trigonodon, 182 
'lYigonodoiitiilae, 182 
Ti'igonod us Newberry and 
Worthen^ 88 

Trigoiiodus Winlch.r^ 74 
Trigoiiosteniuni, 215 
Trilnpho.saurU8, 245 
Trirnerorhachidae, 211 
Triinerorhachis, 211 
Trinacromerum, 2*05 
Triodon, 181 
Triodus, 01 
Trionycliidae, 310 
Trionychoidea, 818 
Trionyx, 320 
1’riplo<lu«, 62 
Triploptenis, 110 
Triptems, 110 
IVirachCKlon, 268 
Tjirachwiontoides, 268 
Trisijiindylus, 2.50 
Tii.ssolopis, 120 
Tristichopterus, 111 
Tristycliius, 66 
IViUit-lfskm, 2<}0 
TrittMi, 220 
TrochoKJiurus, 2(52 
Tr<K*bo8uclius, 2(»2 
Trogoii, 451 
'J’ro^on, 405 
Tropic biitl, 440 
Tropidemys, 808 


Tropidostoina, 261 
Tryg<iii, 83 
Trygoiiidae, .82 
Trygoiiolwitiis, SS 
Trygonorhina, SO . 
Tulieifulum of rib, 235 
Tnbinares, 445 
Tuditaiddae, 222 
TudikinuK, 222 
Tiiiiicata, 2 
Turin ia, 26 
Turkey, 450 
Tylopttiryx, 442 
Tylosauridao, 340 
Tylosiiurus, 340 
Tjdototriton, 220 
Typothorax, 3.5i) 
Tyrannosaurus, 883 

Udenwlon, 257 
Uintiisaurus, 302 
Uintoniis, 451 
Uiidina, 114 
Uraous, ISS 
Uraniscoaaurus, 2<>.5 
Uian(K*eiiir(siou, 210 
Uiviudielyidae, 1(54 
Ureiichelys, 164 
Ui-ocles, 130 
Uroeoidylidae, 210 
Unwordylus, 210 
UnMlda, 227 
Uroliyal, 17 
Urolepis, 110 
Urolopluis, 83 
Uixjnautes, 205 
Uronemidae. 101 
Unniemiis, 102 
Uitnwltidae, 842 
Urosphen, 16.5 
Urostheneidae, 1 1 2 
UrostheiiCM, 112 
Un)style of iishes, 13 
oV fi-ogs, 2: 0 

Varanops, 240 
VaruiioHauniK, 240 
VamnuK, 882 
VascslentiiiR, 4, 8 
Vaticiiiodus, 88 
Vectisaurus, 30, S 
Velociiaj>ior, 380 
Vertebral column of 
llshes, S, 11 
Vertebrata, 1 
Vidalia, 149 
Vinctifer, 144 


Visceral skeleton, 18, 16 
Vitrodentine, 4 
Vomer, 172 
Vulture, 450 

Wardiebtbys, 121 
Wealden llshes, 185 
Weissia, 200 
Weka ilait, 446 
Wetlugastiuius, 210 
Whaitsia, 268 
Wimania, 114 
Wiiitioldia, 250 
Wmlnika, 6(5 
Woodpeck(U‘, 4.51 
WiKKlthorwia, 128 
Wrasses, 173 
Wurnosaurus, 350 

XenacaiithuK, (51 
Xenochelys, 311 
Xeiaxloliiiiiiu, 72 
Xenopholis, 136 
Xenopus, 231 
Xonorhyncliopsis, 448 
Xcrol)at*is, 313 
Xesto{>s, 832 
Xestorrhytias, 218 
Xiphactiiius, 154 
Xiphias, 178 
Xiphiidae, 178 
XiphiorhyncliUH, 178 
Xiphodolarnia, 72 
Xiphotrygon, 83 
Xyne, 1.56 

Xystracaiitbus, (55, 00 
Xystnxius, SS 

Youngina, 344 
Vouuginidae, 344 

Zanclodon, 376 
>SHnclodoniidao, 87(5 
/ariclus, 172 
Zatraehys, 211 
Zatrucliysidae, 210 
Zebrasoma, 181 
Zeidae, 1(50 
Zenaspis, 32 
Zeus, 1(50 
Zygaena, 70 
Zygantrum, 234 
Zygaix)physis, 11 
ZygobatCK, 86 
Zygoramina, 811 
Zygosauni.s, 213 
Zygospliene, 234 
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